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CHAPTER  I 


HISTORY 

AND  BACKGROUND 


The  history  of  the  Pennsylvania  Turnpike,  while  it 
was  officially  opened  to  public  travel  as  recently 
as  October  1,  1940,  is  the  history  of  transpor- 
tation itself.  For  the  development  of  both  has 
been  patterned  by  the  demands  of  an  evolv- 
ing civilization.  The  increasing  complexity  of 
modern  society  has  necessitated  ever  faster,  safer 
more  efficient  transportation  facilities.  The  Penn- 
sylvania Turnpike  was  born  of  this  need. 

The  original  160  mile  Turnpike,  linking 
Middlesex  and  Irwin,  marked  the  beginning  of 
the  super  highway  era  of  automotive  travel.  The 
most  advanced  highway  engineering  knowledge 
was  applied  in  the  design  and  construction  of 
this  road.  Safety,  speed  and  efficiency  were  the 
basic  ingredients  in  this  first  link  in  a truly  super 
highway  system. 

Extensions  of  this  link  soon  connected 
Philadelphia  with  the  Ohio  State  Fine.  Turn- 
pike patrons  could  thus  travel  327  uninterrupted 
miles  without  once  encountering  a grade  crossing 
or  a traffic  light.  Twenty-four-foot  traffic  lanes 
divided  by  a 10  foot  medial  strip  and  bounded 
by  shoulders  of  at  least  10  feet  in  width, ‘made 
this  travel  fast,  safe  and  pleasant.  Additional  fea- 
tures, including  a minimum  sight  distance  of 
1000  feet,  6°  maximum  curve  radius  and  3% 
maximum  grade,  combined  to  keep  demands  on 
driver  and  vehicle  at  a minimum. 

Public  and  commercial  response  has  been 
enthusiastic.  Since  its  opening  the  road  has  car- 
ried more  than  57,000,000  vehicles  under  all 
types  of  weather  and  roadway  conditions  for  a 
total  of  5,566,000,000  vehicle  miles!  Year  after 
year  there  has  been  an  increase  in  vehicle  miles 
driven  with  the  peak  mounting  to  1 ,206.000,000 
vehicle  miles  in  1953.  The  magnitude  of  the 


service  provided  by  the  highway  is  self  evident. 

While  traffic  was  assuming  immense  pro- 
portions accident  rates  were  exhibiting  a de- 
creasing trend  with  1953  representing  the  fourth 
successive  year  of  a drop  in  rate.  Nevertheless 
accidents  were  a problem.  Despite  the  fact  that 
rates  compared  favorably  with  other  highways, 
the  9212  accidents  involving  13.426  vehicles 
occurring  on  the  main  line  of  the  Turnpike  since 
its  opening  could  not  be  ignored. 

Coping  with  the  problem  of  accident  caus- 
ation is  never  an  easy  task.  Countless  studies 
over  many  years  have  failed  to  uncover  a pan- 
acea. In  the  case  of  the  Turnpike  the  problem 
was  even  greater.  For  the  Turnpike  was  unique 
and  previous  formulae  would  not  necessarily  ap- 
ply to  this  most  modern  of  highways.  Because 
the  highway  embodied  the  most  advanced  en- 
gineering knowledge  available,  it  seemed  likely 
that  fault  lay  with  some  other  feature  of  the 
man-machine  system  not  amenable  to  engineer- 
ing. But  what  was  the  nature  of  this  fault  or 
faults? 

Expert  opinion  rapidly  furnished  "solu- 
tions.” Just  as  in  horse  racing  and  roulette  many 
“perfect  systems”  for  beating  the  game  were 
proposed.  The  Pennsylvania  Turnpike  Com- 
mission strongly  suspected  these  systems  would 
prove  no  more  perfect  than  their  gambling 
counterparts.  Further,  the  stakes  in  human  life 
and  property  did  not  justify  gambling.  Pennsyl- 
vania and  the  whole  of  the  United  States  would 
soon  be  covered  with  a network  of  super  high- 
ways. Facts,  not  opinion,  were  needed  if  this 
network  was  to  realize  its  full  potentialities. 
These  facts  were  not  necessarily  available;  they 
could  only  be  assured  through  research. 
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Thus,  the  Joint  Safety  Research  Group 
came  to  be.  Its  target  was  facts.  Its  method  was 
basic  research.  Its  purpose  was  accident  reduc- 
tion. 

ORGANIZATION  The  Joint  Safety  Research  Group 
was  organized  in  October,  1952.  This  group  had 
two  primary  research  objectives,  ( 1 ) to  make  a 
systematic  and  comprehensive  analysis  and  eval- 
uation of  the  fundamental  causes  of  accidents 
on  the  Pennsylvania  Turnpike  System,  (2)  to 
make  a critical  analysis  and  evaluation  of  means 
or  methods  available,  or  to  be  invented,  to  com- 
bat causation  as  determined  by  ( 1 ). 

The  present  report  describes  progress  made 
toward  achieving  the  first  of  these  goals.  Sub- 
sequent reports  will  cover  further  investigations, 
particularly  those  dealing  with  the  adequacy  of 
various  remedial  measures. 

The  organizations  and  their  assignments 
in  conducting  this  study  were  as  follows: 


A graphic  breakdown  of  the  basic  factors 
and  the  inherent  problem  is  shown  in  Figure 
I-A.  The  driver  is  seen  as  the  central  figure  in 
the  diagram,  as  he  is  in  the  accident  problem. 
The  broad  elements,  both  aiding  and  hindering 
him  are  shown  as  individual  circles  forming  an 
external  sphere  of  influences. 

The  driver,  then,  is  equipped  with  certain 
inherent  capabilities,  skills,  experience,  tempera- 
ment, etc.  He  is  abetted  by  legislation,  which  sets 
down  and  enforces  rules  intended  for  safe  opera- 
tion; administration,  which  maintains  the  road- 
way through  repair,  cindering,  etc.,  in  an  effort 
to  reduce  the  resourcefulness  needed  by  the 
driver;  publicity  and  education,  which  establish 
and  carry  out  an  information  program  designed 
to  build  up  the  driver’s  awareness  of  conditions; 
and  training,  which  has,  to  date,  been  primarily 
informal  driving  training. 


JOINT  SAFETY  RESEARCH  GROUP 


MEMBER 


ASSIGNMENT 


Pennsylvania  Turnpike  Commission 
J.  E.  Greiner  Co.,  Baltimore,  Maryland 


American  Institute  For  Research 
Pittsburgh,  Pa. 


Union  Switch  & Signal  Division 
Westinghouse  Air  Brake  Co. 
Swissvale,  Pa. 


']  General  aid  and  consultant  service 
L with  full  knowledge  of  Turnpike 
J operation 

1 Analysis  of  Human  Factors 
^ Surveys 

] Remedial  Research 

Project  Administration 
Environment  Studies 
Surveys 

J Engineering 


THE  PROBLEM  The  driver,  the  vehicle,  the  en- 
vironment, legislation,  administration,  publicity, 
education  and  training  are  the  main  factors 
which  play  a part  in  express  highway  traffic  as 
we  know  it  today.  Each  of  these  factors  exerts 
some  influence  on  the  safety  with  which  this 
traffic  flows.  Within  one.  many,  or  all  of  these 
factors  can  be  found  the  clues  to  accident  causa- 
tion. 


The  driver  is  faced  with  a dynamic  set  of 
environmental  and  vehicular  conditions.  The 
great  majority  of  the  time  he  succeeds  in  his 
driving  task — at  times  there  is  failure.  The  prob- 
lem consisted  of  determining  the  relative  im- 
portance of  each  of  these  main  factors,  the  full 
scope  of  each  factor’s  role  in  the  traffic  picture, 
and  the  actions,  interactions,  or  failures  of  these 
factors  which  are  basic  to  accident  causation. 
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FIGURE  l-A 


Problem  Diagram 
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THE  PLAN  OF  ATTACK  The  overall  plan  of  attack- 
ing the  problem  consisted  of  breaking  down 
these  complex  factors  into  their  many  elements 
and  sub-elements.  Once  broken  down  these  fac- 
tors were  to  be  analyzed  independently  and  re- 
built into  more  complex,  yet  understandable, 
combinations.  The  individual  analysis  of  the 
various  elements  and  sub-elements  resulted  in 
the  isolation  of  the  most  important  factors. 

This  plan  called  for:  ( 1 ) determination  of 
the  task  dilliculty  of  each  of  the  environmental 
factors;  (2)  determination  of  the  relationships 
between  the  environmental  conditions  and  the 
types  of  accidents;  (3)  determination  of  the 
factors  that  precipitated  accidents;  (4)  the  re- 
lationship between  the  accident  precipitating 
factors  and  the  environmental  conditions  under 
which  the  accidents  occurred. 

The  historical  accident  data  used  in  this 
research  project  was  derived  from  the  more  than 
9000  Pennsylvania  State  Police  Accident  Re- 
ports compiled  during  the  years  of  operation  of 
the  Turnpike  (See  Appendix  F for  sample). 
These  reports  were  prepared  in  full  by  the  State 
Police  Investigating  Officer  for  every  accident 
occurring  on  Turnpike  Property.  These  officers, 
although  assigned  to  the  Turnpike,  are  members 
of  the  Pennsylvania  State  Police  patrol  and  are 
trained  for  accident  investigation  work. 

The  accident  reports  are  made  out  in  ac- 
cordance with  rules  laid  down  by  state  officials. 
These  reports,  then,  represent  the  most  unbiased 
and  complete  source  of  accident  data  presently 
available.  Checks  were  made  on  the  accuracy  of 
these  data  throughout  the  study,  and  included 
radar  speed  surveys,  independent  accident  in- 
vestigations for  comparison  purposes,  near-acci- 
dent interviews  and  other  field  work.  These 
checks  are  described  more  fully  in  subsequent 
portions  of  this  report. 

The  voluminous  data  contained  in  the  acci- 
dent reports  were  reduced  to  a workable  level 
through  a process  of  coding  and  punching  per- 
tinent facts  on  business  machine  cards.  The  con- 


sideration of  each  important  factor  and  com- 
bination of  factors  was  thus  facilitated. 

Integrated  with  the  foregoing  data  were 
facts  concerning  weather  and  temperatures  sup- 
plied by  the  Pennsylvania  Section  of  the  Weather 
Bureau  Center  at  Harrisburg,  maps  from  the 
Turnpike  Commission,  traffic  data  taken  on  the 
scene,  and  results  of  the  field  surveys  mentioned 
previously. 

PROGRAM  With  the  establishment  of  a firm  plan 
of  attack  the  following  program  was  formulated 
to  carry  out  this  plan*: 

Phase  1 . 

A.  Police  accident  report  study 

1.  Business  machine  processing  and 
tabulation  of  accident  reports. 

2.  The  analysis  of  environmental  fac- 
tors in  accidents. 

3.  The  analysis  of  the  human  factors 
in  accidents. 

4.  The  integration  of  human  and  en- 
vironmental factors. 

B.  Review  of  previous  accident  studies. 

Phase  2. 

A.  Field  Surveys 

1 . Speed  analysis 

2.  Accident  report  comparison 

3.  General  observations 

4.  Near-Accident  Surveys 

*This  is  an  aniline  of  the  broad  causal  study  phases  only. 
Later  phases  have  been  assigned  for  more  detailed  causal 
and  remedial  research. 

SUMMARY  Probably  the  most  concise  summary 
of  the  data  is  contained  in  Tables  1-1,  1-2,  and 
1-3.  Here  are  presented  in  numerical  form  those 
environmental  conditions  under  which  most  ac- 
cidents occurred,  the  factors  which  precipitated 
the  accidents,  how  the  vehicle  was  involved,  and 
the  severity  of  the  accidents  in  terms  of  injuries 
and  fatalities. 
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As  has  been  mentioned,  the  initial  phases 
of  this  research  project  had  one  primary  purpose 
in  mind — to  discover  generally  what  causes  acci- 
dents on  the  Pennsylvania  Turnpike.  Midway 
through  this  part  of  the  research  project  the 
answer  to  this  question  surprisingly  became  ap- 
parent. Accidents  are  caused  in  a vast  majority 
of  cases  by  human  error,  and  to  a smaller  extent, 
by  vehicle  failure — both  factors  influenced  by 
the  environmental  conditions  encountered  in 
the  driving  operation.  Of  all  accidents  which 
occurred  during  1952-1953,  for  example, 
86.5%  were  precipitated  by  driver  error  while 
13.5%  were  attributable  to  vehicle  failures. 

These  accident  precipitating  factors  can  be 
summarized  in  eight  broad  categories:  (Table 

ir-1). 

1.  Failure  to  Cope  with  Road  Conditions. 

2.  Illegal  and  Unsafe  Actions. 

3.  Inattention. 

4.  Vehicle  Failures. 

5.  Deficiencies  in  Routine  Driving  Skills. 

6.  Misperception. 

7.  Failure  to  Avoid  Objects  in  Road. 

8.  Intoxicants. 

By  far  the  largest  groups  are  those  termed 
Failure  to  Cope  with  Road  Conditions,  and 
Illegal  and  Unsafe  Actions.  In  these  categories 
are  found  such  things  as  drivers  failing  to. cope 
with  skids,  pulling  out  in  front  of  passing  ve- 
hicles, and  cutting  in  too  quickly  after  passing. 
These  and  similar  behaviors  accounted  for  ap- 
proximately 42%  of  all  Turnpike  accidents  dur- 
ing 1952-1953. 

Inattention  accounted  for  16.9%  of  all 
accidents  during  1952-1953.  Behaviors  found 
in  this  class  range  from  reaching  for  a pack  of 
cigarettes  or  a hat  on  the  back  seat  (and  thus 
removing  attention  from  the  road  ahead)  to 
falling  asleep.  These  latter  cases,  accounting  for 
13%  of  all  accidents,  are  one  example  of  how 
drivers  fail  under  ideal  conditions,  since  a large 


portion  of  these  accidents  occurred  under  favor- 
able weather  conditions  and  to  the  more  ex- 
perienced drivers.  Apparently  within  the  very 
ease  of  the  driving  job  lie  the  foundations  for 
monotony  and  inattentiveness. 

Vehicle  failures  represent  I3.5'"7  of  1952- 
53  accidents.  These  include  such  things  as  brake 
failures,  steering  mechanism  failures,  blowouts, 
etc. 

The  accidents  grouped  in  Deficiencies  in 
Routine  Driving  Skills  form  1 1 .4%  of  the  total. 
This  class  includes  running  off  the  roadway  on 
curves,  misjudging  passing  room  with  resulting 
sidesw'iping,  turning  the  wrong  way  in  skids,  etc. 

The  Misperception  category,  forming  8.1% 
of  the  total,  includes  those  accidents  precipitated 
by  misjudging  the  distance  of  the  vehicle  ahead. 
When  a driver  decides  to  pass,  for  example,  he 
finds  he  has  waited  too  long  before  cutting  out, 
and,  consequently,  a rear-end  collision  results. 

Failure  to  Cope  With  Objects  in  Road  in- 
volves accidents  resulting  when  drivers  were  un- 
able to  avoid  deer,  dogs,  etc.,  appearing  in  their 
path.  The  Intoxication  category  is  self-explan- 
atory. 

We  have  considered  to  this  point  the  man- 
ner in  which  the  driver  or  vehicle  fails  in  per- 
forming the  driving  task.  We  will  proceed  to  our 
findings  concerning  the  role  of  environment  in 
the  overall  accident  picture. 

The  four  basic  or  broad  primary  environ- 
mental factors  considered  can  be  classified  as 
Light  Conditions,  Weather  Conditions.  Road- 
way Conditions,  and  the  Roadway  Element 
(straight,  curved).  These  factors  influence  not 
only  the  drivers’  behaviors  and  vehicles,  but  also 
may  influence  the  vehicle  exposure  ( vehicle  miles 
driven  under  a given  category ) and  traffic  pat- 
terns. 

It  can  be  stated  that  the  majority  of  acci- 
dents occurred  under  "ideal”  environmental  con- 
ditions. It  is  necessary,  however,  to  look  further 
to  determine  the  difficulty  of  the  driving  task  in 
terms  of  accident  rates.  (Pages  18-19.) 
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0.7 

0.3 

0.1 

+ 

0.0 

+ 

0 0 

0.1 

0.1 

UJ 

> 

RUNNING  OFF  ROAD 

9.0 

2.3 

0.9 

02 

0 1 

0 2 

0,1 

1.0 

0.4 

o 

> 

COLLISION  WITH^  ON  ROAD 

2.0 

0 9 

0 4 

-t- 

+ 

+ 

+ 

0. 1 

+ 

z 

FIXED  OBJECT  J OFF  ROAD 

4.7 

16 

0.8 

0 1 

0 1 • 

0 1 

+ 

0,4 

0.2 

b_ 

o 

SIDESWIPE 

5.5 

2.7 

0 6 

0.2 

+ 

0.1 

+ 

0 4 

0.1 

UJ 

0- 

NON-COLLISION  OVERTURNING 

8.8 

4 4 

1.4 

0.1 

0.1 

0.  1 

+ 

0.5 

0.2 

>- 

1- 

OTHERS 

2.8 

15 

0 5 

+ 

0 0 

+ 

-t- 

0 0 

0.0 

1 

UJ  uJ 
> 

SI  NGLE 

18  8 

8.3 

2.9 

0.2 

0.3 

0.3 

0.1 

1.1 

0.5 

OU|- 

DOUBLE 

318 

14.2 

3.4 

1.2 

0.3 

0.6 

0.2 

2.4 

1 .0 

TRIPLE  OR  MORE 

7.4 

2.5 

0.5 

0 2 

0.  1 

0 2 

-f- 

1 .0 

0.2 

1 

ujqL 

fatal 

2.3 

0.9 

0 5 

+ 

+ 

4- 

0.0 

+ 

0.1 

uJ>  Z 

CC  2 
0-2 

INJURY 

21.1 

9.0 

2.4 

0.5 

0.3 

0,3 

0. 1 

1 . 6 

0.7 

UJ  u_  UJ 
QO  > 

PROPERTY  DAMAGE 

34.6 

1 5.  1 

3 9 

1 1 

0.3 

0.8 

0.3 

2.8 

0.9 

legend;  + INDICATES  LESS  THAN  0.1%, MORE  THAN  0%.  STR -STRAIGHT, 
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DAYLIGHT  ACCIDENTS 


PRECIPITATION  FOG 


15  4-27  08-1 


A 

A 

/ 

A 

/ 

A 

DRY 

WET 

SNOW/SLUSH 

ICE 

DRY 

WET 

snow/slush 

ICE 

0.3- 

2 

8.0 

-52 

2 8- 

19 

4.3- 

-28 

0 4- 

56 

0 2- 

-22 

0.0 

-0 

0 2- 

22 

A 

A 

, A 

A 

A 

A 

A 

A 

/ 

V 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

^ \ 

/ 

\ 

TR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

).2 

0.1 

5.1 

2 9 

2.0 

0.8 

2 7 

1 6 

0.4 

-(- 

0.1-1- 

0,1 

0.0 

0.0 

0.1  -1- 

0,1 

70 

30 

64 

3C 

69 

31 

63 

37 

93 

7 

82 

18 

0 

0 

64 

36 

+ 

+ 

0.8 

0.9 

0.3 

0.3 

0.3 

0 2 

0.0 

0 0 

■h 

0.0 

0 0 

00 

0 0 

0.0 

0.0 

0.0 

1.6 

0.6 

0.4 

00 

0.6 

0 5 

-1- 

0.0 

00 

0.0 

0 0 

0.0 

0.0 

0.0 

+ 

1.5 

1.3 

0 8 

0 4 

1 2 

0 8 

0.0 

0 0 

0 0 

00 

0.0 

0.0 

-1- 

■T 

0.0 

0.0 

0.5 

+ 

0.2 

0.0 

0.2 

0.0 

0 1 

-f 

0.1 

0 1 

0 0 

0.0 

0 0 

0 0 

DO 

0.0 

0.4 

0.0 

0 3 

0.2 

0 1 

0 0 

0 1 

0.0 

+ 

0 0 

0 0 

0 0 

0.0 

0 0 

DO 

0 0 

0.1 

0.0 

0.0 

0 0 

0 1 

0 0 

0 0 

0 0 

00 

0.0 

0 0 

0 0 

0.0 

0.0 

0.0 

0.0 

+ 

0.0 

0 0 

00 

0.0 

0 0 

0 0 

0.0 

0.0 

0.0 

0 0 

0.0 

0.0 

0,0 

00 

0.0 

0.2 

0.1 

+ 

+ 

0.1 

+ 

0 1 

0.0 

0 0 

0 0 

0.0 

0.0 

-h 

-H 

0.0 

0.0 

0.0 

+ 

+ 

0.0 

-1- 

00 

0 0 

0.0 

00 

0,0 

0 0 

0.0 

00 

0.0 

+ 

0.0 

1.8 

0.4 

10 

0.4 

1.3 

0 5 

0 3 

-1- 

-1- 

-1- 

0.0 

0.0 

0. 1 

-H 

0.0 

+ 

0.2 

+ 

0.2 

+ 

0.1 

+ 

0.0 

0 0 

-1- 

0.0 

0.0 

0,0 

0 0 

0.0 

0.0 

0.0 

+ 

+ 

+ 

0 0 

0.0 

0.0 

-1- 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

+ 

0.0 

1.2 

0.7 

0.4 

0.2 

0 5 

0 4 

-1- 

0.0 

0 0 

0.0 

0.0 

0.0 

-1- 

+ 

0.0 

0.2 

0.1 

+ 

+ 

0.1 

-t- 

-t- 

0 0 

0 0 

0.0 

0 0 

0 0 

0 0 

0 0 

+ 

+ 

0 4 

0.4 

0 1 

+ 

0.2 

0.1  ■ 

-f- 

0 0 

0 0 

0.0 

0.0 

0.0 

0 0 

0.0 

+ 

+ 

0.4 

+ 

0 3 

0 2 

0 3 

-1- 

-1- 

0 0 

-h 

0 0 

0 0 

0 0 

0.0 

0 0 

+ 

+ 

0.7 

0 5 

0 2 

0 1 

0 3 

0.2 

-1- 

0.0 

+ 

0 0 

0.0 

0.0 

-1- 

+ 

0.0 

0.2 

+ 

+ 

+ 

0.1 

-1- 

+ 

0 0 

+ 

0 0 

0 0 

0 0 

-1- 

00 

+ 

+ 

1.6 

1.3 

0.4 

0.2 

0.7 

0.5 

0.1 

+ 

+ 

0 0 

0 0 

0 0 

-1- 

-t- 

0.1 

+ 

2 4 

0.7 

1.5 

0.4 

1 5 

0.8 

0 2 

0.0 

0.1 

-t- 

0 0 

0.0 

-1- 

-1- 

0.0 

0 .0 

1.  1 

+ 

0 4 

0.2 

0.5 

0.3 

0.1 

+ 

0.0 

0.0 

0.0 

0 0 

-1- 

0.0 

+ 

+ 

0.2 

0.2 

+ 

+ 

+ 

+ 

-f 

0 0 

0 0 

0.0 

0 0 

0.0 

0 0 

-1- 

0.  1 

+ 

2.0 

1.2 

0.5 

0.3 

1.0 

0.5 

0 2 

0.0 

+ 

-1- 

0.0 

0.0 

-1- 

0.0 

0. 1 

+ 

2.9 

1.5 

1 5 

0 5 

1 .7 

1.0 

0 2 

-1- 

+ 

0.0 

0.0 

0.0 

CUR-  CURVED. 
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TABLE  1-2 

SUMMARY 

TABLE 

OF 

LIGHT 

DARKNESS 

1- 

36  % 

Z 

u 

WEATHER 

CLEAR 

OR  CLOUDY 

24.2-67 

oa 

QCO 

A 

r" 

— \ 

>o 

ROAD  SURFACE 

DRY 

WET 

SNOw/SLUSH 

ICE 

19 

8-82 

1.6 

- 6 

0.3 

-1 

2 

5-11 

A 

A 

A 

A 

2 

/ 

\ 

/ 

! 

\ 

< 

ROAD  ELEMENT 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

15.4 

4.4 

12 

0 4 

0.2 

0.1 

1.7 

0.8 

77 

23 

74 

26 

88 

12 

70 

30 

DEFICIENCIES  IN  ROUTINE 

<n 

cc 

DRIVING  SKILLS 

3.6 

0.7 

1.2 

0.2 

0.2 

0.0 

0.0 

0.0 

0.3 

ILLEGAL  & UNSAFE  AGTIONS 

8 . 2 

3.4 

0 . 8 

0.3 

4- 

0 0 

0.0 

0.3 

0.0 

o 

FAILURE  TO  COPE  WITH 

< 

L_ 

ROAD  CONDITIONS 

4.  7 

0.1 

0 . 0 

0.1 

0.0 

-F 

-F 

1 . 0 

0.5 

o 

z 

INATTENTION 

6 . 9 

4.5 

0 . 9 

0.3 

-F 

-F 

-F 

0.0 

0.0 

MISPERCEPTION 

4.6 

2.1 

0 . 3 

0.1 

0.1 

-F 

0.0 

0.4 

0.0 

H 

< 

failure  to  avoid  OBJECTS 

1— 

a 

IN  ROAD 

3.  0 

1 .4 

0 . 2 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

u 

u 

INTOXICANTS 

0. 7 

0.5 

0 . 2 

0.0 

0.0 

-F 

0.0 

0.0 

0.0 

cr 

a 

VEHICLE  FAILURES 

4.  3 

2 . 7 

0 . 8 

0.1 

-F 

0.0 

0.0 

-F 

0.0 

PEDESTRIAN 

0.3 

0.1 

+ 

0.0 

0.0 

0.0 

0.0 

0.0 

-F 

REAR  END  COLLISION 

16.1 

7 .5 

1 . 5 

0.6 

0.1 

-F 

+ 

0.7 

0.3 

1- 

z 

LEGALLY  PARKED 

1 . 7 

0.7 

0.1 

+ 

0.0 

-F 

0.0 

0.1 

-F 

u 

ILLEGALLY  PARKED 

1 . 2 

0.5 

0.1 

+ 

0.0 

0.0 

0.0 

0.1 

-F 

u 

> 

RUNNING  OFF  ROAD 

3.9 

1 . 1 

0.5 

0.1 

0 1 

-F 

0.0 

0.1 

0.1 

o 

> 

COLLISION  WITH  '1  ON  ROAD 

1 . 9 

1.0 

0.3 

0.1 

0.1 

-F 

0.0 

-F 

0.0 

z 

FIXED  OBJECT  / OFF  ROAD 

2.3 

0.8 

0.3 

+ 

-F 

+ 

-F 

0.3 

0.1 

U_ 

o 

SIDESWIPE 

2.7 

1.0 

0.3 

0.1 

-F 

0.0 

0.0 

0.2 

0.1 

U 

a 

NON-COLLISION  OVERTURNING 

4 . 7 

2 . 1 

1.1 

0.1 

-F 

-F 

0.0 

0.2 

0.1 

> 

h- 

OTHER 

1. 2 

0.6 

0. 2 

+ 

+ 

0.0 

0.0 

-F 

0.0 

1 

SINGLE 

11.0 

4.4 

2 . 1 

0.4 

0.3 

+ 

+ 

0.5 

0.2 

_j  > 

DOUBLE 

21 . 0 

10.2 

1 . 9 

0.7 

0.1 

0.1 

0.0 

1.0 

0.5 

x9z 

uj4  ^ 
>?  2 

triple  or  more 

4. 0 

0.8 

0.4 

0.1 

+ 

0.0 

-F 

0.2 

0.1 

1 

FATAL 

1 9 

0 .9 

0.5 

+ 

+ 

0.0 

0.0 

0.1 

0.1 

UJ  > 
cc  :7 

INJURY 

12.4 

4.9 

1 . 7 

0.3 

0.2 

0.1 

-F 

0.5 

0.3 

0-2 
Ld  U-  U 

Q O > 

PROPERTY  DAMAGE 

21. 7 

9.6 

2.2 

0.8 

0.2 

0.1 

+ 

1.1 

0.4 

LEGEND  • + INDICATES  LESS  THAN  0.1%, 

MORE  THAN  O 

% ■ 

STR 

- STRAIGHT 
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)ARKNESS  ACCIDENTS 


PRECIPITATION  FOG 

10.3-29  1.5-4 


DRY 

WET 

SNOW/SLUSH 

CE 

DRY 

WET 

slush/snow 

ICE 

0. 

2- 

-2 

4.2 

-41 

1.5 

-15 

4 

4-42 

0.7- 

50 

0.5- 

30 

+ 1 

0 

.3- 

19 

A 

/\ , 

A , 

A 

A 

A 

A 

\ 

i 

\ 

/ 

S 

/ 

/ 

/ 

\ 

r 

\ 

/ 

\ 

/ 

TR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

2 

+ 

3.0 

1.2 

1.2 

0.3 

2. 

7 

1.7 

0.6 

0.1 

0.4 

0.1 

+ 

0. 

0 

0. 

2 

-1- 

i 

27 

73 

27 

81 

19 

61 

39 

78 

22 

80 

20 

100 

84 

16 

.0 

0.0 

0.5 

0.3 

0.1 

+ 

0 

2 

0.1 

o 

o 

0.0 

0.0 

0.0 

0 

0 

0 

0 

0 

0 

0.0 

.0 

o 

o 

1.1 

0.2 

0.3 

+ 

0 

9 

0.5 

o 

o 

o 

o 

0.2 

0.0 

0. 

0 

0 

0 

0 

2 

o 

o 

:.0 

0.4 

0.2 

0.8 

+ 

1 

6 

0.8 

0.0 

0.0 

o 

o 

0. 

0 

0 

0 

-h 

.2 

+ 

0.4 

0.1 

0.0 

0.0 

0 

0 

o 

6 

0.3 

o 

o 

0.0 

0.0 

0. 

0 

0 

0 

0. 

0 

o 

6 

.0 

o 

o 

0.7 

0.2 

0.0 

+ 

0 

0 

0.3 

0.3 

o 

o 

0.1 

0.0 

0 

0 

0 

0 

0 

0 

0.0 

l-t- 

+ 

0.1 

0.2 

O 

O 

+ 

0 

0 

0.0 

+ 

o 

o 

0.1 

+ 

0. 

0 

0 

0 

0 

0 

0.  0 

.0 

o 

o 

o 

o 

o 

o 

O 

o 

0.0 

0 

0 

0.0 

o 

o 

0.0 

o 

o 

o 

o 

0. 

0 

0 

0 

0 

0 

o 

o 

j.O 

o 

o 

+ 

0.0 

o 

o 

0.0 

0 

0 

0.0 

+ 

0.1 

+ 

0.0 

0 

0 

0 

0 

0 

0 

0.0 

.0 

o 

d 

+ 

+ 

+ 

0.0 

+ 

0.0 

o 

o 

+ 

-h 

0.0 

0. 

0 

0 

0 

0 

0 

0.0 

.1 

+ 

1.4 

0 .3 

0 .6 

0.1 

1 

2 

0.7 

0.4 

+ 

0.2 

+ 

0 

0 

0 

2 

+ 

.0 

0.0 

0.2 

-1- 

0.1 

0.0 

0 

1 

+ 

+ 

o 

o 

o 

o 

0.0 

0. 

0 

0 

0 

0. 

0 

o 

o 

.0 

0.0 

+ 

+ 

+ 

+■ 

0 

1 

0.1 

o 

o 

o 

o 

0.0 

0.0 

0. 

0 

0 

0 

0. 

0 

o 

o 

-1- 

+ 

0.4 

0.3 

0.2 

+ 

0 

6 

0.3 

+ 

0.0 

+ 

+ 

0 

0 

0 

0 

0 

0 

-h 

+ 

0.  2 

+ 

+ 

. 0.0 

0 

1 

+ 

+ 

+ 

+ 

0.0 

0. 

0 

0 

0 

0 

0 

0.0 

'+ 

+ 

0.2 

0.1 

+ 

+ 

0 

1 

0.1 

+ 

+ 

0.0 

0. 

0 

0 

0 

0 

0 

0.  0 

1.0 

0.0 

0.2 

+ 

0.1 

0.1 

0 

1 

0.2 

0.1 

0.0 

o 

o 

0. 

0 

0 

0 

0 

0 

0.0 

‘.0 

0.0 

0.4 

0.1 

0.1 

+ 

0 

3 

0.2 

+ 

+ 

+ 

0.0 

0. 

0. 

0 

0 

0. 

0 

o 

o 

f.O 

0.0 

+ 

+ 

+ 

0 

1 

+ 

+ 

+ 

0.0 

0. 

0 

0 

0 

0. 

0 

0.  0 

!+ 

+ 

0.9 

0.7 

0.2 

+ 

0 

7 

0.4 

0.1 

+ 

0.1 

0.0 

0. 

0 

0 

0 

4 

0.  0 

il.1 

+ 

1.7 

0.4 

O 

O) 

0.2 

1 

4 

0.8 

0.4 

+ 

0.2 

+ 

-1 

0 

0 

0. 

1 

+ 

+ 

0.0 

0.4 

0.1 

0.2 

0.1 

0 

6 

0.5 

0 .1 

+ 

0.1 

0. 

0 

0 

0 

0 

1 

+ 

J.O 

0.0 

0.1 

0.1 

+ 

0.0 

+ 

-1- 

+ 

0.0 

+ 

o 

6 

0. 

0 

0 

0 

-f 

0.0 

l).1 

+ 

1.1 

0.5 

0.4 

0. 1 

0 

9 

0.6 

0.2 

0.1 

0.1 

0.1 

0. 

0 

0 

0 

0. 

1 

-h 

),1 

+ 

1.8 

0.6 

00 

d 

0.2 

1 

8 

1.1 

0.4 

+ 

0.3 

+ 

0. 

0 

0. 

1 

-1- 

1 

:uR 

- 

CURVES 
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TABLE  1-3  SUMMARY  TABLE  OF 


_1 

LIGHT 

DAWN 

AND  DUSK 

— 

< 

1- 

6% 

z 

WEATHER 

CLEAR  OR  CLOUDY 

UJ 

3.9-66 

z ^ 



^ O 

ROAD  SURFACE 

f 

DRY 

WET 

SNOw/SLUSH  ICE 

2 9- 

74 

0.4- 

10 

0.1  - 

3 

0.5- 

13 

^ < 

A 

A 

A 

A 

UJ  Ll 

/ 

\ 

/ 

\ 

/ 

\ 

/ 

\ 

Z 

ROAD  ELEMENT 

STR 

CUR 

STR 

CUR 

STR 

CUR 

STR 

CUR 

< 

2.2 

0 7 

0.3 

0 1 

0 1 

-F 

0.4 

0.1 

78 

22 

72 

28 

86 

14 

77 

23 

DEFICIENCIES  IN  ROUTINE 

CO 

cc 

DRIVING  SKILLS 

0.7 

0 2 

0 0 

0 0 

+ 

+ 

0.0 

0.0 

0.  1 

ILLEGAL  8.  UNSAFE  ACTIONS 

1 3 

0.6 

0 1 

-F 

-F 

-F 

0,0 

0. 1 

0.0 

o 

t~ 

FAILURE  TO  COPE  WITH 

u 

< 

ROAD  CONDITIONS 

1 .4 

0.0 

0.  1 

0,0 

0.0 

+ 

-F 

0 2 

0.0 

o 

z 

INATTENTION 

0 7 

0.5 

0,0 

0.  1 

0 0 

0 0 

0,0 

0.0 

0.0 

MISPERCEPTION 

0 5 

+ 

-F 

0.  1 

0.0 

00 

0.0 

-F 

0.0 

h- 

< 

FAILURE  TO  AVOID  OBJECTS 

1— 

CL 

IN  ROAD 

0.2 

0.2 

0 1 

0.0 

0 0 

0.0 

+ 

0.0 

0.0 

u 

Ld 

INTOXICANTS 

0.  1 

4- 

0 0 

-F 

0.0 

0.0 

0.0 

0 0 

0 0 

cc 

CL 

VEHICLE  FAILURES 

1 . 1 

0 6 

0 4 

0 0 

0 0 

0.0 

00 

0.0 

0.0 

PEDESTRIAN 

+ 

+ 

0 0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

REAR  END  COLLISION 

2 3 

0.8 

0.  1 

0.  1 

-F 

-F 

+ 

0.  1 

-F 

H 

Z 

LEGALLY  PARKED 

0.4 

0.2 

-F 

+ 

0.0 

-F 

0.0 

-F 

0.0 

UJ 

ILLEGALLY  PARKED 

0.  1 

-F 

0.0 

0.0 

0.0 

0.0 

0 0 

-F 

0.0 

UJ 

> 

RUNNING  OFF  ROAD 

0 9 

0 3 

0 1 

+ 

-F 

-F 

+ 

-F 

-F 

o 

> 

COLLISION  with"!  ON  ROAD 

0 2 

0.  1 

+ 

+ 

-F 

0.0 

0.0 

-F 

0 0 

z 

FIXED  OBJECT  j OFF  ROAD 

0.4 

0,2 

+ 

-F 

-F 

-F 

0.0 

+ 

+ 

U_ 

O 

SIDESWIPE 

0,  5 

0 2 

+ 

+ 

0.0 

+ 

0.0 

-F 

0.0 

UJ 

CL 

NON-COLLISION  OVERTURNING 

0 8 

03 

0.  1 

-F 

0.0 

0.0 

0 0 

+ 

-F 

1- 

OTHERS 

0.3 

0 1 

-F 

0 0 

0.0 

+ 

0 0 

0.0 

0.0 

1 

UJ  UJ 

-l> 

SINGLE 

2 1 

0.7 

0 4 

0 1 

-F 

+ 

0.0 

0.  1 

-F 

DOUBLE 

3.2 

1 3 

0.3 

0 2 

0 1 

0 1 

+ 

0.2 

-F 

Lu  UJ 

TRIPLE  OR  MORE 

0 7 

0.2 

0 0 

0 0 

0.0 

+ 

0.0 

-F 

0.0 

1 

i- 

UJq 

FATAL 

0.3 

0 2 

0.0 

0 0 

0 0 

0 0 

0 0 

-F 

0.0 

uj>Z 

CCz"^ 

INJURY 

2 1 

0 7 

0 3 

0 1 

0 1 

0.0 

+ 

0.  1 

-F 

0-5 

UJ  U.  UJ 

QO> 

PROPERTY  DAMAGE 

3 6 

1 .3 

0.4 

0.2 

-F 

0.  1 

0.0 

0.2 

0.  1 

legend;  + INDICATES  LESS  THAN  0 1%,  MORE  THAN  0%.  STR  - ST  RAIGH  T. 


16 


DAWN  AND  DUSK  ACCIDENTS 
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TABLE  1-4 

Accident  Rates  for  Weather  Conditions 


Clear-Cloudy 1.2  accidents  per  million  vehicle  miles 

Fog  1.3  accidents  per  million  vehicle  miles 

Precipitation  2.5  accidents  per  million  vehicle  miles 


The  data  indicate  that  both  fog  and  precipitation  are  more  difiicult  conditions  than 
clear-cloudy.  Conditions  of  precipitation  are  more  than  twice  as  troublesome  as  those  of 
clear-cloudy  weather. 


TABLE  1-5 

Accident  Rates  for  Roadway  Conditions 


Dry  1.1  accidents  per  million  vehicle  miles 

Wet  1.9  accidents  per  million  vehicle  miles 

Snow-Slush 4.8  accidents  per  million  vehicle  miles 

Icy 8.2  accidents  per  million  vehicle  miles 


Here  again  we  hnd  the  “ideal”  condition,  dry  roadway,  is  less  difficult  to  negotiate  than 
any  of  the  others.  Icy  roadway  for  example,  is  almost  eight  times  more  troublesome  than 
dry  roadway. 


TABLE  1-6 

Accident  Rates  for  Light  Conditions 


Day  1.5  accidents  per  million  vehicle  miles 

Night*  1.5  accidents  per  million  vehicle  miles 


‘'^(Including  dusk  and  dawn) 

The  breakdown  of  Light  Conditions  (Chapter  HI)  indicates  that  some  of  the  accident 
experiences  found  during  daylight  hours  fall  off  during  darkness  hours  while  others  increase 
to  compensate  for  the  drop-off.  This  balancing  effect  is  such  to  keep  the  rates  approximately 
the  same,  as  will  be  noted  in  subsequent  chapters  of  this  report. 
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TABLE  1-7 

Accident  Rates  for  Roadway  Elements 


Straight  Roadway  1,5  accidents  per  million  vehicle  miles 

Curved  Roadway 1.5  accidents  per  million  vehicle  miles 


For  purposes  of  computation  of  these  rates,  straight  roadway  includes  all  roadway  from 
0°  to  30'  curvature,  and  curved  roadway  includes  all  roadway  over  30'  of  curvature.  Thus, 
straight  road  accounts  for  approximately  the  same  general  accident  rate  as  does  curved  road- 
way. While  a curved  road  is  probably  more  difficult  from  the  point  of  view  of  the  driving  task, 
drivers  might,  and  apparently  do,  compensate  for  this  increased  difficulty  by  exercising  a 
greater  degree  of  alertness  and  care.  Straight  roadway  on  the  other  hand,  is  relatively  easy 
from  the  point  of  view  of  driving  task  difficulty.  This  very  ease,  as  in  the  case  of  clear  and 
cloudy  weather,  may  serve  to  generate  the  overconfidence  and  inattentiveness  which  lead  to 
many  accidents.  Points  such  as  these  are  deserving  of  further  consideration  in  future  research 
studies. 

While  the  preceding  tables  have  considered  rates  from  the  point  of  view  of  accidents, 
vehicle  involvement  rates  also  reveal  a similar  pattern.  These  are  presented  in  Table  1-8  for 
comparison  purposes. 


Light  Conditions: 

TABLE  1-8 

Vehicle  Involvement  Rates 

Estimated  Millions 
of  Vehicle  Miles 

Troveled  (1952) 

♦Vehicle  Involve- 
ment in  Accidents 
(1952) 

Rate 

Daylight 

685 

1599 

2.3 

Night  + Dusk  & Dawn . 

457 

1126 

2.5 

Weather  Conditions: 

Clear-Cloudy 

945 

1849 

2.0 

Fog  

34 

91 

2.7 

Rain 

- 111 

435 

3.9 

Snow  

85 

346 

4.1 

Sleet,  Freezing 

Rain,  Hail  

12 

6.0 

Roadway  Conditions: 

Dry  

879 

1503 

1.7 

Wet  

206 

608 

3.0 

Snow-Slush 

23 

181 

7.9 

Ice 

34 

440 

12.9 

Roadway  Elements: 

Straight  

828 

2058 

2.5 

Curved 

314 

654 

2.1 

*Vehicle  involvement  figures  do  not 

include  unknowns.  Totals  for  the  various 

categories  may  differ. 
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The  question  arises  as  to  how  dry  road- 
way and  clear-cloudy  weather  can  be  both  those 
conditions  under  which  most  accidents  occurred, 
and  yet  those  most  easy  in  terms  of  driving  task 
difficulty,  as  indicated  by  their  estimated  acci- 
dent rates.  The  answer  lies  in  the  fact  that  these 
conditions  are  those  under  which  we  find  the 
greatest  volume  of  traffic  traveling  the  Turnpike. 
While  fewer  vehicles,  per  vehicle  mile  traveled, 
are  involved  in  accidents  under  “ideal"  condi- 
tions, the  number  of  vehicles  and  vehicle  miles 
driven  under  these  conditions  is  so  large  that  a 
majority  of  the  accidents  result. 

Inherent  in  the  above  paragraphs  is  the 
implication  of  a close  relationship  between  ex- 
posure ( vehicle  miles  driven ) and  accident  fre- 
quency. Such  a relationship  has  been  found  and 
is  illustrated  according  to  day  of  week  traffic 
and  accidents,  in  the  following  table: 


It  is  apparent  that  the  percentage  of  acci- 
dents occurring  on  any  given  day  varies  fairly 
closely  with  the  percentage  of  total  traffic  travel- 
ing on  that  day.  It  should  be  added  that  the 
gross  grouping  used  in  this  table  masks  certain 
differences  made  explicit  in  another  section  of 
this  report.  (Chapter  II)  For  general  purposes, 
however.  Table  1-9  does  serve  to  point  out  the 


close  agreement  between  exposure  and  accident 
frequency  generally. 

With  the  foregoing  discussion  of  human, 
vehicular  and  environmental  factors  we  are  pre- 
pared to  cover  the  relationships  discovered 
among  these  factors.  What  influence  did  the  en- 
vironmental conditions  have  on  the  human  be- 
haviors and  the  vehicular  factors? 

Generally,  each  of  the  four  major  environ- 
mental conditions  was  found  to  play  an  im- 
portant role  in  modifying  driver  behavior.  One 
interesting  example  of  environmental  influence 
on  driver  behavior  was  previously  mentioned  in 
this  chapter,  i.e.,  the  significantly  high  number 
of  falling  asleep  accidents  during  clear-cloudy 
weather  conditions.  In  addition,  vehicular  fail- 
ures were  also  found  to  be  disproportionately 
high  during  clear-cloudy  conditions. 

Truck  drivers  were  found  to  be  involved  in 
a disproportionately  high  number  of  accidents 


on  wet  roadway  as  a result  of  misperception. 

These  and  other  specific  relationships  are 
covered  in  detail  in  Chapter  III  and  should 
serve  as  a basis  for  further  studies  in  connection 
with  remedial  measures. 

Environmental  conditions  also  were  related 
to  the  type  of  accident  occurrence.  The  most  fre- 
quently occurring  accident  type  was  the  rear 


TABLE  1-9 


Comparison  of  Accidents  By  Day  of  Week  to  Traffic  By  Day  of  Week — (1952-1953  Data) 


April,  1953 

August,  1953 

(%  of  total* 

(%  of  total* 

Accidents  (1952) 

Day  of  Week 

traffic) 

traffic) 

(%  of  total) 

Sunday  

20.4 

19.6 

18.9 

Monday  

1 ? 9 

12.2 

13.8 

Tuesday  

11.3 

1 1.7 

1 1.0 

Wednesday 

12.7 

1 2.2 

12.6 

Thursday  

12.5 

12.3 

11.1 

Friday 

15.8 

15.4 

12.4 

Saturday  

15.1 

16.7 

20.2 

Wtrious  checks  \\  ci-e  made  us  part  of  the  radar  studies  to  insure  that  the  above  percentages  of  traffic  by  day  of 
week  were  representative  for  the  period  of  this  study.  They  were  found  to  be  representative. 
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end  collision  which  accounted  for  29.0%  of 
total  passenger  car-precipitated  accidents  and 
38.6%  of  total  truck-precipitated  accidents 
( 1952-1953).  These  accidents,  precipitated 
primarily  by  such  driver  behaviors  as  falling 
asleep,  illegal  and  unsafe  actions  and  misper- 
ception, were  found  to  be  significantly  high  dur- 
ing darkness  hours  on  straight-up  roadway. 

As  with  other  accident  factors  considered, 
the  majority  of  most  types  of  accidents  occurred 
under  the  “best  possible”  environmental  condi- 
tions. It  should  be  remembered,  in  considering 
the  data,  that  high  accident  frequency  under  a 
certain  condition  does  not  necessarily  indicate 
significant  relationships  between  that  condition 
and  other  variables.  For  example,  while  55.4% 
of  all  passenger  car  rear  end  collisions  occurred 
during  daylight  conditions,  and  whereas  32.7% 
occurred  during  darkness  highway  unlighted 
conditions,  passenger  car  rear  end  collisions  were 
significantly  high  during  darkness  highway  un- 
lighted and  significantly  low  during  daylight. 
(Tables  1II-2  and  3.)  Meaning  that  rear-end 
collisions  occurred  more  often  during  darkness 
hours  and  less  often  during  daylight  hours  than 
would  be  expected  on  the  basis  of  chance  factors 
alone. 

Before  concluding  this  summary,  two  sub- 
jects are  worthy  of  consideration  in  view  of  the 
universal  publicity  they  received  in  connection 
with  Turnpike  accidents. 

The  first  of  these  subjects  is  the  severity  of 
the  accident.  Accident  severity  can  be  judged  in 
terms  of  the  number  of  injuries  and  fatalities 
accounted  for  by  the  accident.  There  were  62 
accidents  involving  fatalities  on  the  Turnpike 
during  1952.  Of  these,  22%  were  unclassifiable 
because  of  the  death  of  all  concerned  or  lack  of 
information  due  to  some  other  reason.  Of  those 
which  could  be  classified,  97.9%  were  attribut- 
able to  human  error.  The  driver  failures  which 
precipitated  these  accidents  are  identical  with 
those  precipitating  non-fatal  accidents.  Acci- 
dents involving  fatalities  are  not,  therefore,  a 
class  peculiar  unto  themselves  and,  consequent- 
ly, remedial  measures  which  reduce  accidents  in 


general  may  be  expected  to  reduce  fatal  acci- 
dents simultaneously.  See  behavioral  table. 
Chapter  II. 

The  second  much  publicized  factor  con- 
cerns the  matter  of  speed.  Contrary  to  popular 
belief,  drivers  do  not  tend  to  test  how  fast  they 
can  go  when  traveling  the  Turnpike.  This  con- 
clusion is  based  on  the  results  of  radar  speed 
surveys  covering  several  months  time  under  all 
weather  conditions  at  different  points  along  the 
Turnpike.  This  survey  covered  approximately 
27.500  vehicles  including  1 7.600  passenger  cars 
and  9,900  trucks.  The  ten  mile  spread  in  which 
most  pas.senger  cars  travel  the  Turnpike  is  from 
53-63  miles  per  hour.  For  trucks  the  spread  is 
from  45-55  miles  per  hour.  The  accident  records 
indicate  that  most  accidents  occur  in  the  41-50 
mile  per  hour  speed  range.  It  is  our  opinion,  even 
when  allowing  some  increase  beyond  the  speed 
range  of  the  accident  reports,  that  far  from 
turning  into  destructive  demons,  drivers  tend  to 
travel  at  that  speed  which  “feels"  most  com- 
fortable to  them. 

This  “feeling"  of  comfort  is  not  necessarily 
reliable  and  may  even  be  deceptive  to  the  driver 
in  some  cases.  Radar  speed  checks  also  indicate 
that  drivers  slow  down  slightly  on  icy  and  snowy 
roads.  While  this  demonstrates  recognition  of  a 
hazardous  situation  it  must  be  concluded  that 
the  reduction  in  speed  alone  did  not  reduce  the 
demands  on  the  driver  to  the  point  where  they 
matched  his  capabilities  in  many  cases.  Drivers 
apparently  ignore  wet  roadway  as  a potential 
hazard,  at  least  insofar  as  was  indicated  by  speed 
measurement.  Radar  checks  indicated  that 
speeds  for  passenger  cars  and  trucks  were  ap- 
proximately the  same  on  both  wet  and  dry  road- 
way. 

CONCLUSIONS  Accidents  are  basically  the  result 
of  human  error.  Exceptions  to  this  statement  con- 
sist of  vehicular  failures  (although  these  may 
frequently  result  from  driver  negligence  in 
checking  his  vehicle).  These  exceptions,  how- 
ever, account  for  but  a small  percentage  of  the 
overall  accident  total. 
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Human  error,  or  accident  causing  behav- 
ior, is  not  restricted  to  adverse  environmental 
conditions.  The  task  confronting  the  driver  on 
the  Turnpike  is  relatively  easy  for  the  great 
majority  of  the  vehicle  miles  driven.  Ideal  en- 
vironmental settings  and  modern  vehicles  are 
the  rule  rather  than  the  exception.  Even  so,  ac- 
cidents result. 

The  possibility  of  human  error,  however, 
is  compounded  under  the  more  severe  environ- 
mental conditions. 

As  evidenced  by  the  accident  rates,  as  se- 
verity of  environmental  conditions  increases,  the 
dithcuhy  of  the  driving  task  increases.  As  great- 
er demands  are  placed  on  driver  ability,  human 
error  increases  disproportionately. 

Under  all  environmental  conditions  some 
drivers  underestimate  the  requirements  of  the 
driving  task  or  overestimate  their  ability  in 
avoiding  accident  situations.  Drivers  are  ap- 
parently aware  of  the  increased  demands  of  ad- 
verse environmental  conditions,  but  even  here 
they  underestimate  the  driving  task.  The  lower 
rates  of  speed  on  icy  road,  as  recorded  by  radar 
speed  checks,  and  the  lower  estimated  initial 
speeds  of  vehicles  involved  in  accidents  on  icy 
roadway,  are  indications  of  driver  awareness  of 
the  increased  hazards  of  this  condition.  The 
compensation  in  speed  itself  was  either  not  great 
enough,  or  more  than  a compensation  in  speed 
was  called  for,  if  these  accidents  were  to  be 
avoided.  Proper  compensation,  greater  driving 
ability  and  increased  attentiveness,  could  have 
prevented  most  of  these  accidents. 

The  human  errors  which  cause  accidents 
are  not  flagrant  in  all  cases.  A slight  error  can 
cause  as  large  an  accident  as  the  complete  dis- 
regard of  safe  operating  procedures.  The  hrst 
step  necessary  or  prerequisite  to  effective  reme- 
dial measures  lies  in  the  complete  understanding 
on  the  part  of  the  driving  public  that  the  driver 
causes  accidents.  The  driver,  in  this  connection, 
does  not  refer  to  some  nebulous  “they”.  The 
“driver”  includes  every  person  behind  the  wheel 
of  a moving  vehicle.  Before  remedial  measures 


can  be  effectively  carried  out  the  full  realization 
must  be  impressed  on  the  public  generally  that 
every  driver  has,  at  one  time  or  another,  or  per- 
haps on  a number  of  occasions,  been  guilty  of 
potential-accident-causing-behaviors. 

Remedial  considerations,  then,  primarily 
involve  the  necessity  of  educating  people  to  rec- 
ognize the  part  they  play  in  the  accident  picture. 
Education,  in  this  sense,  would  involve  a broad 
area  ranging  from  publicity  and  safety  eam- 
paigns  to  driver  training,  and  possibly  would  in- 
clude such  things  as  wayside  instructions  for 
drivers.  When  it  is  certain  that  drivers  are  fully 
aware  of  the  role  their  various  actions  play  in 
accident  causation,  monitoring  or  policing  of 
these  actions  will  be  greatly  simplified. 

That  education  is  a practical  remedy  is  in- 
dicated in  part  by  the  graph  presented  on  page 
23.  Accident  rates  for  recent  years  show  a steady 
decline  even  though  traffic  volume  in  terms  of 
vehicle  miles  exposure  is  steadily  increasing.  The 
proportions  of  failures  by  type  of  failure  remain 
the  same  regardless  of  the  overall  rate-indicating 
each  category  drops  when  the  rate  is  down.  We 
feel  this  trend  may  be  related  in  part  at  least, 
to  benefits  derived  from  expanded  safety  cam- 
paigns, police  monitoring,  and  driver  education 
in  recent  years. 

Any  remedial  program  must  of  necessity 
be  long  range  in  nature.  Education  with  all  of 
its  implications  plus  the  design  of  technical  sup- 
ports for  the  driving  task  must  work  together. 
The  data,  however,  indicate  that  to  a small  de- 
gree, benefit  may  be  derived  immediately  from 
adopting  such  measures  as  instructing  the  driver 
as  to  proper  car  handling  under  transient  haz- 
ardous driving  conditions. 

Accidents  do  not  just  happen — they  are 
caused.  They  are  primarily  the  result  of  driver 
error  in  failing  to  adequately  modify  his  behav- 
ior to  cope  with  the  driving  environment.  Acci- 
dents are  preventable.  Driver  education  and 
training  appears  to  be,  at  the  present  time,  the 
most  promising  key  to  accident  reduction. 


ACCIDENT  RATE  PER 
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CHAP  I E R II 


HUMAN  AND  VEHICULAR  FACTORS  RELATED  TO 
TURNPIKE  ACCIDENTS 


INTRODUCTION  In  discussing  traffic  accidents  it  is  common  to  speak  of  the  behavior  of  the  automo- 
bile or  the  environmental  conditions  rather  than  the  pertinent  driver  behavior.  For  example,  we  read 
of  a vehicle  running  off  the  road,  skidding  on  ice,  or  running  into  the  rear  of  the  vehicle  ahead.  Such 
phrases  may  be  descriptive  of  actual  accident  events  but  they  tend  to  shift  focus  away  from  the  driver.  It 
will  become  evident  in  the  following  pages  that  such  a shift  in  emphasis  is  not  compatible  with  the  facts. 
For  our  basic  finding  is  that  primary  responsibility  for  accident  causation  must  be  placed  with  the 
driver  and,  to  a lesser  extent,  to  vehicular  failures,  keeping  in  mind,  of  course,  that  driver  behavior  and 


the  performance  of  the  vehicle  are  influenced  by  the 

PROCEDURE  One  of  the  prime  goals  of  the 
Joint  Highway  Safety  Research  Group  was  the 
description  and  definition  of  driver  behaviors 
that  led  directly  to  accident  involvement.  In 
attaining  this  goal.  Turnpike  accident  report 
forms  filled  in  by  the  State  police  were  carefully 
reviewed  for  statements  from  which  driver  be- 
haviors could  be  abstracted.  This  information 
was  obtained  from  statements  made  by  the 
drivers  involved  in  the  accidents,  passengers  in 
the  accident-vehicles,  disinterested  witnesses  and 
the  investigating  officers.  In  a surprisingly  sm.all 
number  of  cases  (approximately  six  per  cent) 
were  substantial  disagreements  found.  -Con- 
troversial reports  were  eliminated  from  further 
analysis.  The  accuracy  of  those  reports  retained 
for  analysis  was  checked  by  field  survey  work 
which  testified  to  their  adequacy. 

Careful  comprehensive  review  of  each  re- 
port led  to  a brief  statement  summarizing  the 
factor  which  led  directly  to  the  accident.  This 
statement  was  written  for  each  accident  report 
for  the  year  of  1 952.  These  statements  were  then 
sorted  into  groups  on  the  basis  of  similarity,  e.g., 
all  behaviors  which  seemed  to  indicate  a de- 
ficiency in  routine  driving  skill  were  grouped  to- 
gether, all  accidents  involving  drivers  who  fell 


driving  environment. 

asleep  were  grouped  together,  etc.  This  proce- 
dure resulted  in  eight  major  areas  of  casual  fac- 
tors: Deficiencies  in  Routine  Driving  Skills, 
Illegal  and  Unsafe  Actions,  Failure  to  Avoid 
Objects  in  the  Road,  Failure  to  Cope  With  Road 
Conditions,  Inattention,  Misperception,  Intoxi- 
cants, and  Vehicle  Failures.  The  complete  clas- 
sification of  factors  is  presented  in  Table  1 1-1. 

A similar  analysis  of  1953  Turnpike  acci- 
dent report  forms  was  carried  out  with  the  ex- 
ception that  the  detailed  statements  of  causal 
behaviors  were  sorted  under  the  categories  de- 
fined in  the  analysis  of  1952  accidents.  A 
product-moment  correlation  of  .94  was  obtained 
between  the  1952  and  1953  data  grouped  under 
52  category  headings.  This  would  seem  to  indi- 
cate that,  other  things  being  equal,  accidents  of 
various  types  may  be  expected  to  appear  each 
year  in  roughly  the  same  proportions. 

CLASSIFICATION  OF  CAUSAL  FACTORS  Of  the  3,118 
accidents  classified  for  the  1952-1953  period, 
86.5  per  cent  were  precipitated  directly  by 
human  error;  13.5  per  cent  by  vehicle  failure. 
( One  hundred  ninety-nine  accidents  were  un- 
classifiable  because  the  reports  lacked  sufficient 
information. ) 


TABLE  11-1 

Classification  of  factors  related  to  Turnpike 
accidents  during  1952 


I.  Failure  to  Cope  With  Road 
Conditions  (386) 


Accidents 
Non-Fatal  Fatal 


1.  Ice  and  Snow 168  2 

a.  Skidded  off  uncindered 

snowy  highway  5 

b.  Skidded  into  guard  rail 
when  trying  to  stop  on 

icy  highway  and  berm  , . 3 

c.  Skidded  into  parked  vehi- 
cle while  traveling  on  icy 

highway  4 1 

d.  Spun  around  and  blocked 

snowy  highway 5 


e.  Ran  off  snowy  highway 
(couldn't  determine 
berm)  lost  control  com- 


ing back  on 6 

f.  Spun  on  icy  highway  and 

blocked  it 8 

g.  Ran  off  road,  lost  control 


on  icy  road  when  trying 
to  get  back  on 

h.  Skidded  on  icy  highway 


and  lost  control 67  1 

i.  Jack-knifed  on  icy  high- 
way   7 

j.  Skidded  into  vehicle  while 
passing  on  icy  highway.  . I 1 

k.  Struck  ice  on  bridge  and 

lost  control 4 

l.  Skidded  on  ice  and 

blocked  highway 3 

m.  Applied  brakes  on  icy 
road,  skidded  into  vehicle  3 


n.  Skidded  off  icy  road  while 

passing 2 

o.  Struck  pile  of  snow  from 

snow-plow  and  lost  con- 
trol   2 

p.  Applied  brakes  to  slow 
down  on  icy  road  and 

lost  control  16 


Accidents 
Non-Fatal  Fatal 


r.  Thrown  in  front  of  vehi- 
cle by  snow  while  passing  2 

s.  Skidded  on  icy  road  while 
passing,  blocked  road  and 

was  hit 1 

t.  Skidded  onto  highway 

into  path  of  vehicle  while 
trying  to  stop  on  icy  berm  1 

u.  Trailer  began  to  weave 

on  icy  road,  spun  out  of 
control  1 

2.  Wef 96  5 

a.  Skidded  on  wet  highway 

and  lost  control 79  5 

b.  Slid  off  wet  highway, 
skidded  on  soft  berm, 

lost  control 1 

c.  Applied  brakes  on  wet 

road,  skidded  into  vehicle  4 

d.  Skidded  off  wet  road 

while  passing 1 

e.  Applied  brakes  to  slow 
down  on  wet  road  and 

lost  control  6 


f.  Hit  dividing  line  between 

lanes  and  skidded  on  wet 
highway  

g.  Slid  into  rear  of  vehicle 
slowing  up  on  wet  high- 


way   1 

h.  Car  hit  bump  in  road  and 

slid  off  wet  highway.  ...  1 

i.  Skidded  while  passing  on 

highway 1 

3.  Slush 15  0 

a.  Struck  slushy  spot  and 

lost  control  4 


b.  Lost  control  on  roadway 

partially  slush-covered  . . 2 

c.  Skidded  into  vehicle 

while  passing  on  slush- 
covered  passing  lane.  ...  6 

d.  Lost  control  in  uncin- 
dered slush  with  ruts.  . . 2 

e.  Slid  into  rear  of  vehicle 

slowing  up  on  slushy 
highway  1 


q.  Tried  to  slow  up  on  icy 
road,  struck  slower  or 
stopped  vehicle  in  rear.  . 15 


4.  Icy  Spots 55 

a.  Struck  icy  spot  and  lost 

control  50 


0 
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Accidents 
Non-Fatal  Fata! 


.Accidents 
Nt)nd  atal  1 ata 


b.  Struck  uncindered  icy 

spot  and  lost  control ....  2 

c.  Struck  icy  spot  while 

passing  and  lost  control . 2 

d.  Struck  icy  spot  while 

passing,  slid  into  vehicle . 1 

5.  Wet  Spots  2 

a.  Struck  wet  spot  and  lost 

control  1 

b.  Slid  on  wet  asphalt  in 

interchange  exit,  rest  of 
road  dry 1 

6.  Slick  Spots 11 

a.  Hit  slippery  spot,  skidded 

and  lost  control 11 

7.  Mud  3 

a.  Skidded  on  mud  covered 

roadway 3 

8.  Soft  Berm  and  Medial  ■ ■ . 7 

a.  Wind  caused  skid  into 
berm,  mud  on  wheels 
then  resulted  in  skid.  . . 1 

h.  Drove  onto  soft  berm  to 


avoid  skidding  car,  lost 
control  

c.  Started  to  park,  skidded 
on  soft  muddy  berm  into 
rear  of  parked  vehicle.  . . 

d.  Hit  soft  spot  on  berm — 
truck  tilted  while  parked . 


9.  Oil  Scum 1 

a.  Skidded  on  oil  scum  in 

tunnel  while  trying  to  stop  1 

10.  Wind 6 

a.  Wind  caused  trailer  to 

sway — went  out  of  con- 
trol   5 

b.  Wind  caused  vehicle  to 
sway,  skidded  into  guard 

rail  1 

1 1 . Unknown 15 

a.  Skidded  off  road  into 

guard  rail 3 

b.  Skidded  into  vehicle  when 

entering  station 3 


c.  Skidded  in  front  of  ve- 
hicle while  passing 


d.  Skidded  olf  road  when 

cutting  in  after  passing.  . 5 

e.  Went  into  slide  and  hit 

guaril  rail 1 

f.  Skidded  and  lost  control 

when  trying  to  enter  road- 
way from  berm I 


II.  Illegal  and  Unsafe  Actions 
(475) 

7.  Entering  or  Leaving  Traffic  6 

a.  Tried  to  enter  pike  from 


0 


vehicle  1 

d.  Failed  to  look  for  oncom- 
ing traffic,  pulled  in  front 

of  passing  vehicle 2 

e.  Started  up  in  station  with- 

out checking  for  other 
moving  vehicles 1 


station  entrance  lane...  1 

b.  Noticed  exit  at  last  min- 
ute, entered  too  fast,  lost 
control  1 


c.  Got  on  wrong  entrance 
ramp,  quickly  swerved  to 
other  ramp  and  struck 


2.  Improper  Passing 99 

a.  Tried  to  pass  cindering 
truck  on  icy  road — truck 
was  in  middle  of  road ...  I 

0 b.  Tried  to  pass  when  pre- 

ceding vehicle  kept 
throwing  slush  on  wind- 
shield   1 

^ c.  Attempted  to  pass  in  No 

Passing  Zone  (Tunnel  or 
exit  or  station  entrance)  8 

d.  Passed  vehicle  on  right 

side  lb 

e.  Cut  in  front  of  vehicle  to 

get  to  exit  or  entrance ...  3 

0 f.  Cut  in  too  quickly  after 

passing 18 

g.  Wouldn't  let  bus  pass 

i him,  passed  on  right,  cut 

bus  off I 

h.  Passed  and  slowed  dov\n 

after  completing  pass  ...  5 


0 
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Accidents 
Non-Fatal  Fatal 


Accidents 
Non-Fatal  Fatal 


i.  Noticed  overtaking  ve- 

hicle, pulled  back  in  lane 
and  struck  vehicle  he 
wanted  to  pass 19 

j.  Tried  to  pass  before  ve- 

hicle had  moved  over  far 
enough  6 

k.  Crowded  vehicle  he  was 

passing  off  on  berm 4 


l.  Noticed  exit  while  pass- 
ing, hit  b r ;i  k e s and 
swerved  into  vehicle  he 

w;is  passing 2 

m.  Cut  in  too  sharply  after 

passing,  ran  olf  road.  ...  I 

n.  Noticed  passing  vehicle 

while  starting  to  pass, 
pulled  back  in  and  ran  off 
road  3 

o.  Vehicle  following  for 

some  distance  in  fast  lane, 
speeded  up  when  preced- 
ing vehicle  started  to  pass 
vehicle  in  front 2 

p.  Cut  from  fast  lane  to  slow 

lane  for  exit  in  front  of 
oncoming  vehicle 1 

q.  Came  up  fast  in  passing 

bine  and  struck  vehicle  al- 
ready passing 5 

r.  .Spun  out  of  control  while 

trying  to  pass  at  high 
speed  on  wet  road 1 

s.  Tried  to  pass  plow  in  mid- 
dle of  road,  ran  olf  road.  1 

t.  Failed  to  see  if  vehicle 
would  clear  objects  he 

was  passing  1 


4.  S/ow/ng  Up  on  Highway  9 0 

a.  Slowed  down  suddenly, 

reason  unknown 4 

b.  Slowed  down  suddenly 

because  of  congestion 
ahead  (previous  accident)  4 

c.  Slowed  down  almost  to  a 
stop  because  of  ice,  got 

hit  in  rear I 


5.  Parking  on  Highway  ■ ■ ■ 65 

a.  Parked  on  road  to  let 

motor  cool 1 

b.  Stopped  on  highway  to 

pick  up  wife  who  was  in 
service  station  I 

c.  Stopped  on  road  to  clean 

windshield  I 

d.  Cindering  truck  parked 
partly  on  highway  to  raise 

bed 1 

e.  Stalled  on  highway 14 

f.  Stopped  on  highway  to 

help  cars  on  berm 5 

g.  .Stopped  on  highway  to 

check  motor  trouble.  ...  1 

h.  Stopped  on  highway,  rea- 
son unknown 25 

i.  Parked  partly  on  highway 

to  fix  flat 2 

j.  Stopped  on  highway 

when  discovered  going  in 
wrong  direction 1 

k.  Stopped  on  highway, 

nurse  wanted  to  aid  acci- 
dent victims  on  other  side  1 


1 


3.  Be/’ng  Passed  125  4 

a.  Pulled  out  in  front  of 

passing  vehicle 112  1 

b.  Pulled  out  from  berm  into 

vehicle  path 6 3 


c.  Noticed  passing  vehicle, 
hit  brakes  and  swerved 

into  passing  vehicle  ....  1 

d.  Vehicle  being  passed 

drifted  over  center  line 
forcing  passing  vehicle  off 
road  6 


l.  Stopped  on  highway  when 

noticed  he  was  past  exit.  I 

m.  Stopped  on  highway 

when  flagged  by  cop,  mis- 
understood signal 2 

n.  Stopped  in  tunnel  to  fix 

flat  2 

o.  Stopped  on  highway  at 


exit  to  see  where  he  was, 
hit  in  rear 1 

p.  Stopped  in  tunnel,  reason 

unknown  1 
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Accidents 
Non-Fatal  Fatal 


.-\  c c i J e n t s 
Non-I'.ilal  Fata 


q.  Patrons  stopped  at  scene 

of  accident  and  congested 
area  1 

r.  Stopped  on  highvsax  to 

check  tire  after  skidding 
around  1 

s.  Stepped  out  of  car  when 
\ehicle  sliding  toward 


him  — sliding  \ ehicle 


struck  operator  and  open 
door 1 

t.  Stopped  on  highway  to 

put  on  chains 1 


u.  Didn't  check  to  see  if  off 
road  when  snow  made 
berm  indeterminate  — 


parked  on  highway 1 

6.  Parking  dl  1 


a.  Entered  berm  at  high 

speed  to  park  and  slid  out 
of  control 

b.  Failed  to  set  brakes  prop- 
erly. vehicle  rolled  into 


parked  vehicle 16  1 

c.  Failed  to  set  air  brakes  on 
— put  truck  in  gear  w hile 
parked  3 

7.  Backing  Up  on  Highway  23  0 

a.  Backed  up  on  interchange 
ramp  when  found  he  was 


going  in  the  wrong  direc- 


tion   1 

b.  Backed  up  on  highway.  . 3 

c.  Grazed  vehicle  while 

backing  out  of  parking 
place 1 

d.  Backed  into  vehicle  park- 
ed in  lot  1 

e.  Failed  to  check  to  rear 

before  backing,  struck 
object  in  rear 17 

8.  U T urns 0 

a.  Made  legal  U turn  in 

front  of  oncoming  car ...  15 

b.  Making  illegal  U turn  on 

turnpike 26 

9.  Leaving  Highway 8 2 

a.  Going  around  exit  ramp 
at  high  speed — lost  con- 
trol   5 1 


b.  Decided  to  stop  at  restau- 
rant at  last  minute,  enter- 
ed at  high  speed  and  lost 
control  3 1 

1 0.  Throwing  Cigarettes ....  2 0 

a.  Dumped  cigarette  ashes 

on  seat,  caught  fire 1 

b.  Threw  cigarette  into 

truck,  caused  fire 1 

11.  Improper  Signalling  ....  9 0 

a.  Men  working  in  tunnel 

not  posted,  sudden  stops 
and  rear  ends 3 


b.  Improper  signalling  b\’ 

flagman — U turn  vehicle 
hit  by  vehicle 

c.  Men  working  zone  not 


posted  on  main  highvs  ay . 4 

12.  Pedestrians  2 2 

a.  Walked  into  side  of  mov- 
ing car  ( service  station ) . 1 

b.  Pedestrian  walking  on 

highway  1 2 

13.  Miscellaneous 49  3 

a.  Failed  to  heed  men  work- 
ing signs 1 

b.  Failed  to  slow  down  when 
noticed  consestion  ahead  1 1 


c.  Failed  to  heed  fuzes  and 

flagman  3 

d.  Traveling  at  high  speed 

through  heavy  traffic. . . 1 

e.  Follow  ing  too  close,  front 

vehicle  slowed,  rear  ve- 
hicle hit  brakes 27 


f.  Thought  he  /iru/  to  travel 

at  70,  lost  control  on 
curve  2 

g.  Tra\eling  too  fast  for  ic\’ 
conditions,  couldn't  stop 

w hen  in  emergency 1 1 

h.  Tried  to  take  turn  at  high 

speed  while  gravel  on 
road,  ran  off 1 

i.  Failed  to  check  if  trailer 

properly  fastened  to  cab  . 1 

j.  Failed  to  check  tires — 

Are  resulted  from  riding 

on  soft  tire  long  way.  ...  1 
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Non-Fatal  Fat;d 


ill.  Inattention 
(242) 

A.  ASLEEP  

169 

6 

a.  Dozed 
road  . 

off 

and 

ran  otf 

81 

1 

b.  Dozed 
vehicle 

off 

and 

ran  into 

88 

5 

B.  ATTENDING  TO  OTHER  TASKS 62 

7.  Reaching  for  objects  • ■ ■ 13 


a.  Reached  to  dial  radio  and 

ran  ofT  road 2 

b.  Reached  to  close  door 

and  struck  another  ve- 
hicle   I 

c.  Dropped  glasses  while 

cleaning  them  reached  to 
pick  up 1 

d.  Reached  for  toll  ticket 

and  took  foot  off  brake, 
rolled  into  vehicle 1 

e.  Reached  down  to  fix  a 

wire,  ran  otf  road 1 

f.  Ran  into  rear  of  vehicle 

while  reaching  down  to 
switch  gas  tanks I 

g.  Hit  vehicle  in  rear  while 

pushing  sleeping  occu- 
pant to  his  own  side.  ...  1 

h.  R;m  off  road  while  reach- 
ing for  air  vent 1 

i.  Ran  otf  road  while  reach- 

ing to  turn  on  windshield 
wipers  1 

j.  Ran  olf  road  while  plac- 
ing hat  on  rear  seat 1 

k.  Reached  in  back  seat  for 

pack  of  cigarettes 1 

l.  Dropped  cigarettes  on 
floor  and  reached  to  pick 


up,  ran  into  vehicle 1 

2.  Looking  in  Directions 
Other  than  Ahead  (Con- 
nected with  Driving 
Task) 12 

a.  Looked  in  mirror  and 
came  up  on  rear  of  ve- 
hicle   9 


2 

1 

1 


0 


Accidents 
Non-Fatal  Fatal 

b.  Looking  at  gauges,  look- 
ed up  to  see  vehicle  ahead  2 

c.  Looked  around  to  see  if 
rear  was  clear,  ran  into 


vehicle  rear 1 

3.  Looking  in  Directions 
Other  than  Ahead  (Not 
Connected  with  Driving 
Task) 33  0 

a.  Looking  in  wallet  for  toll 

fare,  ran  olf  road 3 

b.  Looked  at  occupant  and 

ran  olf  road 4 

c.  Geologist  studying  rock 

formation  in  cut,  struck 
vehicle  in  rear 1 


d.  Looking  at  map,  lost  con- 


trol   2 

e.  Disposing  of  tissue  and 

ran  olf  road 1 

f.  Took  eyes  off  road  and 

suddenly  saw  line  of  cars 
ahead  3 

g.  Looked  aside  for  a mo- 
ment and  r;m  otf  road.  . . 3 

h.  Trying  to  locate  missing 

motor  trouble,  ran  olf 
road  3 

i.  l.ooking  at  vehicle  on 

other  side,  slowed  and 
blocked  road 1 

j.  looked  at  vehicle  on 

berm,  ran  into  rear  of 
vehicle  in  front 1 

k.  Looking  for  toll  ticket 

and  hit  vehicle  in  rear.  . . 1 

l.  Looking  in  station  park- 
ing lot  for  buddies,  ran 

into  rear 1 

m.  Looking  around  for  bud- 

dies to  flag  them,  hit  ve- 
hicle in  rear 1 

n.  Showing  occupant  the  toll 

ticket,  ran  otf  road 1 

o.  Looking  for  toll  ticket 

and  ran  otf  road 1 

p.  Looking  at  restaurant 

and  ran  otf  road 1 
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q.  Looking  at  accident  on 

other  side,  slowed  down, 
struck  by  other  vehicle 
doing  same 2 

r.  Lit  match  to  look  at 

speedometer,  ran  oil  road  1 

s.  Looking  in  rear  of  ve- 

hicle to  see  if  cigarette 
flipped  out,  came  back  in  1 

t.  Checking  odometer  for 

mileage,  ran  into  vehicle  1 

4.  Miscellaneous 4 

a.  Loving  while  driving  on 

wet  highway,  lost  control  1 

b.  Ran  off  road  while  light- 
ing cigarette 1 

c.  Yelling  at  driver  of  ve- 
hicle he  was  passing,  ran 

into  vehicle 1 

d.  Lost  control  while  occu- 
pied with  bee  which  blew 

in  car 1 

e.  Lost  control  while  trying 

to  close  door 


C.  ILLNESS 

1.  Heart  Attacks 

a.  Suffered  fatal  heart  attack 

while  driving 

b.  Suffered  heart  attack 


while  driving 1 

2.  Epileptic  Seizure 

a.  Suffered  epileptic  seizure 

while  driving 1 

IV.  Vehicular  Failures 
(233) 

A.  BLOWOUTS  76 

1.  Fires  10 


a.  Tire  blew  out,  truck 

caught  fire  from  riding  on 
remaining  tire 

b.  Tire  blew  out,  car  pulled 
to  right  and  caught  fire 


when  hit  guard  rail 1 

c.  Tire  blew  out  and  caught 

fire  a short  time  later.  ...  7 

2.  Collisions 66 

a.  Tire  blew  out,  lost  control  64 


1 


1 

1 

1 


1 

0 


1 

1 


b.  4 ire  blevs  out  and  car  to 

rear  s\\  erved  to  avoid  col- 
lision and  lost  control ...  1 

c.  Tire  blew  out  and  follow- 
ing vehicles  bunched  up 
and  collided  avoiding 


blow-out  vehicle 1 

B.  SOFT  TIRES  8 0 

1.  Fires 

a.  Riding  on  soft  tire  which 

caught  lire 4 

b.  Pulled  over  and  parked 

because  of  flat,  tire 
caught  fire 3 

c.  Riding  on  one  flat  which 
rubbed  against  remaining 

tire,  caught  fire 1 

C.  STRUCTURAL  FAILURES 121  0 

1.  Brakes  29  0 

a.  Brakes  locked  and  pulled 

vehicle  into  lamp  post.  . . 1 

h.  Brakes  failed 15 


c.  Brake  air  hose  broke, 
brakes  set  and  vehicle 

was  hit  in  rear 2 

d.  Broken  diaphragm  in  air 

tank,  no  brakes 1 

e.  Defective  brakes 2 

f.  Tried  to  stop  but  air 

pressure  was  low,  brakes 
wouldn’t  hold 1 

g.  Electric  brakes  locked 

and  trailer  overturned.  . . 2 

h.  Fire  resulting  from  fric- 
tion from  stuck  brakes.  . 3 

i.  Air  leak  in  brake  system, 

parked  vehicle  rolled  into 
vehicle  2 


2.  M iscellaneous  92  0 

a.  Bumper  let  loose  and  in- 
terfered with  steering.  . . 3 

b.  Wiring  caught  fire 9 

c.  Radius  rod  snapped,  un- 
able to  steer 2 

d.  Steering  mechanism 

failed  6 

e.  Wheel  came  off 12 
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f.  Towing  hitch  broke.  ...  4 

g.  Trailer  wheels  came 
loose,  started  weaving 

and  lost  control 1 


h.  Windshield  wipers  failed, 

struck  vehicle  when  visi- 
bility impaired 

i.  Defective  tow-bar,  trailer 


began  weaving 4 

j.  Fire  — cause  unknown 
(gas  leaking  on  muffler, 
someone  flipped  cigar- 
ette)   25 


k.  Tail  light  not  working, 

got  hit  in  rear 2 

l.  Generator  failed,  no 

light,  vehicle  coming  up 
swerved  to  avoid  colli- 
sion. lost  control I 

m.  Dolly  wheels  fell  off,  were 

struck  by  car 2 

n.  Rear  wheels  locked  and 

driver  lost  control 2 

o.  Fire  resulting  from  faulty 

exhaust  system 4 

p.  Tie  rod  broke  and  dug  in 
ground,  vehicle  went  out 

of  control 2 

q.  Front  spring  broke,  ve- 

hicle went  into  another 
vehicle  out  of  control ...  I 

r.  Stabilizer  gave  way,  ve- 
hicle went  out  of  control  1 

s.  Trailer  wheel  rubbed 

against  frame,  started  fire  1 

t.  Hood  sprang  ope n — 

blocked  vision  and  opera- 
tor ran  off  road 2 

Li.  Mechanical  failure,  un- 
known   2 

V.  Trailer  whipped  and  went 
out  of  control  when  drive- 


shaft  broke 1 

w.  Fire  — defective  wheel 

bearing 2 

X.  Engine  blew  up 1 

D.  IMPROPER  LOADING 8 0 

a.  Load  top  heavy,  trailer 

turned  over 3 
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b.  Fire  resulting  from  load 

being  of  reacting  chemi- 
cal nature  1 

c.  Load  shifted,  trailer  over- 
turned   4 

E.  VEHICLE  DESIGN 19  0 

a.  House  trailer  started 
weaving,  went  out  of 
control  19 


V.  Deficiencies  In  Routine  Driving  Skills 
(183) 

1.  Accelerating  5 0 

a.  Tramped  on  gas  on  icy 
highway  and  skidded  out 

of  control 3 

b.  Tramped  on  gas  on  wet 
highway  and  skidded  out 

of  control 1 

c.  Hit  gas  to  avoid  vehicle 

coming  up  from  rear, 
spun  and  blocked  road . . 1 

2.  Going  Around  Curve  - ...  7 1 

a.  Cut  wheels  sharply  on 
curve  on  wet  road,  went 

off  road  2 1 

b.  Tried  to  slow  down  while 
making  curve,  skidded 

out  of  control 1 

c.  Lost  control  while  going 

around  a curve 3 

d.  Turned  too  sharply  and 

spun  around  1 

3.  Passing  44  5 

a.  Ran  into  medial  while 

passing  and  lost  control . . 30  5 

b.  Side  swiped  gas  attend- 

ant while  passing  a car  at 
pumps 1 

c.  Side  swiped  car  while 

passing 9 


d.  Started  to  pass,  changed 
mind,  skidded  out  of  con- 
trol cutting  back  to  slow 

lane 2 

e.  Side  swiped  a car  while 
going  between  two  cars 

in  parking  lot 2 
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4.  Being  Passed  

4 

0 

a.  Became  excited  by  pass- 
ing truck  and  ran  otf  road 

2 

b.  Pulled  too  far  to  right  to 
let  passing  vehicle  by — 
lost  control  in  berm .... 

2 

5.  Slowing  

20 

1 

a.  Slammed  on  brakes  on 
icy  highway  and  lost  con- 
trol   

8 

1 

b.  Applied  brakes  hard  on 
wet  highway  

3 

c.  Tried  to  slow  down,  be- 
came excited  and  hit  ac- 
celerator instead  of  brake 

d.  Applied  brakes  and  trail- 
er momentum  forced  car 
otf  road  

2 

e.  Tried  to  slow  down,  ran 
otf  road  and  lost  control 

3 

f.  Became  nervous  on  icy 
road,  hit  brakes,  skidded 

1 

g.  Applied  brakes  hard  and 
skidded  out  of  control . . 

1 

6.  Backing  Up  

6 

0 

a.  Misjudged  distance  while 
backing  up  in  parking  lot, 
hit  parked  vehicle 

3 

b.  Got  in  wrong  lane  leav- 
ing toll  booth,  backed  up 
and  caught  toll  collector 
with  door 

1 

c.  Misjudged  “fifth”  wheel 
and  upset  trailer 

2 • 

7.  Mainline  Driving — Ante- 
cedent Behavior  Un- 
known or  Exclusive  of 
Above  

87 

3 

a.  Ran  into  medial  strip  and 
lost  control  

21 

3 

b.  Ran  off  onto  berm  and 
lost  control  

62 

c.  Became  excited  on  icy 
road  and  lost  control.  . . 

1 

d.  Struck  concrete  divider 
at  tunnel  exit  

1 

e.  Cut  wheels  wrong  way  in 
skid,  spun  out  of  control 

1 

f.  Became  excited  when 
wind  caused  vehicle  to 
sway,  overcontrolled,  lost 
control 1 


VI.  Misperception 
(142) 

A.  AMBIGUITY  OF  CLUES 7 0 

a.  Thought  he  was  on  lane 
leading  to  station,  wasn't 

and  ran  ofT  road 1 

b.  Pulled  behind  lighted 
parked  trailer  thinking  it 

was  road  traffic  lane.  ...  1 

c.  Saw  car  going  down  lane 

to  station,  thought  it  was 
highway  1 


d.  Struck  lighted  parked  car 
— oncoming  headlights 
confused  him, thought  he 

was  on  road 1 

e.  Saw  army  convoy  parked 

with  flares,  swung  into 
path  of  oncoming  vehi- 
cle, thought  convoy  was 
traffic  1 

f.  Confused  by  service  sta- 
tion lights  and  ramp,  cut 
to  left  off  road  to  avoid 


parked  trailer  1 

g.  Confused  by  bridge — 
didn't  know  what  it  was 
in  fog,  hit  brakes  and 
skidded  1 

B.  REDUCED  VISIBILITY  49  2 

1.  Splashed  Windshield  ..16  0 

a.  Struck  vehicle  or  ran  off 

road  when  windshield 
splattered  with  slush  from 
passing  vehicle  7 

b.  Lost  control  when  pass- 
ing truck  blew  loose  snow 

up  on  windshield 3 


c.  Ran  off  road  when  wind- 

shield splattered  with 
muddy  water  and  high 
beams  of  vehicle 1 

d.  Water  splashed  on  wind- 

shield and  sun  glare  ob- 
scured vision  1 
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e.  Water  splashed  on  wind- 
shield   

2.  Weather  

a.  Came  on  foggy  patch, 

came  out  and  saw  vehicle 
ahead,  hit  rear 

b.  Struck  vehicle  in  rear 

where  vision  obscured  by 
rain  

c.  Ran  off  road  in  heavy  fog 

pocket  

d.  Came  upon  slower  mov- 
ing vehicle  in  fog 

e.  Ran  off  road  when  heavy 
rain  obscured  vision .... 

f.  Ran  into  rear  of  vehicle 

when  heavy  snow  fall  ob- 
scured vision 

g.  Rain  plus  lights  of  oppos- 

ing car,  straddled  curb 
leading  to  station 

3.  Clare  

a.  Blinded  by  high  beams 

on  oncoming  car,  lost 
control 

b.  Sun  glare  from  hood,  ran 

into  medial  strip 

c.  Failed  to  see  overtaking 

vehicle  because  of  sun 
glare  

d.  Setting  sun  blinded  driv- 
er, ran  into  vehicle 

e.  Glare  from  station  lights 

on  wet  night,  couldn't  de- 
termine entrance  to  sta- 
tion   

4.  Miscellaneous  

a.  Slammed  on  brakes  and 
blocked  road  when  cinder 
dust  was  raised  by  truck 

b.  Eyes  failed  to  adapt 
quickly  enough  — struck 
vehicle  in  rear  in  tunnel. 

c.  Windshield  fogged  up  in 

tunnel  — stopped  and 
blocked  road  

d.  Came  upon  slower  mov- 

ing vehicle  when  using 
low  beams 


4 

13  2 

1 

1 

1 

7 2 

1 

1 

1 

15  0 

1 1 
1 

1 

1 

1 

5 0 

1 

1 

1 

1 


e.  Ran  off  road  when  win- 
dows steamed  up 

1 

C.  DISTANCE  AND  RATE  OF  CLOSURE. 

84 

0 

I.  Passing  

49 

0 

a.  Misjudged  distance  of  ve- 
hicle ahead  while  starting 
to  pass 

47 

b.  Pulled  out  in  front  of  ve- 
hicle, thought  it  was  fur- 
ther back 

2 

2.  Parking  

8 

0 

a.  Struck  vehicle  in  toll 
booth,  thought  it  was 
moving 

4 

b.  Struck  vehicle  in  toll 
booth,  misjudged  stop- 
ping distance 

2 

c.  Tried  to  park  behind  and 
hit  vehicle,  didn't  realize 
so  close  

2 

3.  Miscellaneous  

27 

0 

a.  Struck  moving  vehicle 
in  rear — thought  it  was 
parked  

4 

b.  Vehicle  in  front  slowed, 
was  struck  when  distance 
misjudged  

5 

c.  Applied  brakes  too  late 
and  struck  slower  vehicle 
in  rear 

5 

d.  Entered  deceleration  lane 
and  ran  off  road,  mis- 
judged distance  ahead.. 

2 

e.  Thought  vehicles  were 
moving,  applied  brakes 
too  late  when  discovered 
they  were  stopped.  ..... 

6 

f.  Misjudged  speed  of  vehi- 
cle ahead,  struck  in  rear. 

5 

Failure  to  Avoid  Objects  In  Road 
(72) 

1.  Animals  

56 

0 

a.  Struck  a deer  in  roadway 

42 

b.  Lost  control  while  swerv- 
ing to  avoid  a dog 

2 

c.  Pheasant  flew  through 
windshield  

3 

d.  Ran  off  road  while  swerv- 
ing to  avoid  a skunk.  . . . 

1 
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e.  Swerved  to  avoid  a rabbit 

and  ran  off  road 

f.  Swerved  off  road  to  avoid 


dead  deer  lying  in  road.  . 1 

g.  Struck  rear  of  suddenly 
stopped  vehicle  which 

had  struck  a deer 1 

h.  Struck  steer  in  road.  ...  1 

i.  Lost  control  and  ran  off 

road  avoiding  a deer.  . . 1 

j.  Struck  a herd  of  pigs  in 

road  1 

k.  Struck  dog  in  road 1 

2.  Rocks  10 

a.  Struck  rock  which  fell  in 

front  of  vehicle 3 

b.  Struck  a rock  lying  in 

road  5 

c.  Struck  vehicle  while 
swerving  to  avoid  rocks 

in  road 1 

d.  Ran  off  road  while  swerv- 

to  avoid  rocks  in  road.  . 1 

3.  Wheels  and  Tires 3 

a.  Struck  a wheel  lying  in 

road  1 

b.  Ran  off  road  while  swerv- 
ing to  avoid  inner  tube.  1 

c.  Struck  a tire  lying  in  road  1 


4.  Signs  2 

a.  Struck  vsarning  sign 

which  wind  blew  onto 
highway 1 

b.  Struck  construction  sign 

in  middle  of  road,  no 
warning  1 

5.  Boxes  1 

a.  Stopped  because  of  box- 
es in  road  and  got  hit  in 
rear  1 


VIII.  Intoxicants 
(18) 

0 I.  Intoxication 

a.  Driving  while  intoxicated  17 


0 


IX.  Miscellaneous 
(6) 

1.  Attempted  to  land  an  air- 


plane on  Turnpike,  land- 
ed on  truck 1 

2.  Accidentally  hit  door 
handle  while  sleeping, 
fell  out  of  car 3 


3.  Accidentally  released 
brakes  while  sleeping 
in  parked  vehicle,  rolled 


down  bank  1 

4.  Ran  off  road  when  over- 
come by  carbon  monox- 
ide   1 


0 


0 


It  might  be  helpful,  in  order  to  get  a more 
complete  understanding  of  highway  accident 
causation,  to  discuss  each  of  the  major  areas  of 
casual  factors  in  turn. 

Each  area  will  be  discussed  in  general  terms 
and  will  then  be  outlined  in  terms  of  a point  of 
view  toward  accident  causation.  To  summarize 
briefly,  this  point  of  view  emphasizes  that  acci- 
dents are  the  result  of  interactions  between  en- 
vironmental, vehicular,  and  human  factors.  En- 
vironmental, vehicular,  and  human  factors  serve 
as  sources  of  cues  for  a driver  who  constantly 
responds  to  this  changing  complex  of  cues.  Driv- 
ing may  be  viewed  as  a task  wherein  environ- 


mental cues,  the  driver's  motivations  and  his 
driving  habits  all  interact — and  he  responds  to 
these  interactions.  Each  response  in  turn  changes 
the  relationship  between  driver,  vehicle,  and  en- 
vironment and  results  in  new  information  to 
which  the  driver  makes  new  responses  in  the 
form  of  decisions  and  muscle  reactions. 

Responses  of  driver  and  vehicle  require 
what  are  termed  environmental  supports  as,  for 
example,  when  a driver  runs  off  the  road  into  a 
soft  berm  or  medial  strip.  In  this  case  steering  is 
made  more  difficult  by  the  lack  of  environmental 
support  for  wheels  to  turn.  Slippery  roadways,  or 
very  sharp  turns  fail  to  provide  environmental 
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support  for  certain  driving  maneuvers  above  cer- 
tain speeds. 

The  outline  presented  for  each  category  will 
include  those  environmental,  vehicular  and  hu- 
man conditions  believed  to  be  related  to  the  type 
of  accident  under  consideration.  These  condi- 
tions are  listed  for  both  the  time  antecedent  to 
the  accident  and  the  time  at  which  the  accident 
was  precipitated.  Antecedent  factors  may  be 
viewed  as  the  history  of  events  leading  up  to  a 
set  of  circumstances  which  make  an  accident 
almost  inevitable.  Precipitating  factors  may  be 
viewed  as  the  set  of  circumstances  themselves. 

Any  behavior  pattern  or  task  can  be  rather 
completely  described  when  information  is  avail- 
able about  each  of  the  following  factors  or  vari- 
ables: 

1.  Decisions:  on  the  part  of  the  driver  in 
relation  to  combinations  of  environmental,  vehi- 
cular, and  human  conditions. 

2.  Discriminations:  which  the  driver  made 
( failed  to  make ) in  relation  to  the  combinations 
mentioned  above. 

3.  Motivation:  motivational  factors  of 
pertinence. 

4.  Habits:  important  behavior  patterns 
which  the  driver  has  learned  through  experience 
and  practice. 

5.  Physiological:  physiological  conditions 
of  importance. 

These  outlines  are  utilized  to  organize  data 
into  systematic  form  within  a sound  theoretical 
framework.  Possibly  not  so  obvious  { since  reme- 
dial considerations  are  not  of  pertinence  in  this 
report)  is  the  fact  that  these  data  are  organized 
in  a form  lending  itself  readily  to  remedial  con- 
siderations. 

The  analyses  which  follow  are  arranged  in 
the  order  of  their  importance;  importance  being 
defined  in  terms  of  the  number  of  accidents  rep- 
resented by  each  of  the  categories. 

ANALYSIS  OF  FAILURE  TO  COPE  WITH  ROAD  CONDI- 
TIONS The  686  accidents  grouped  in  this  cate- 
gory accounted  for  22.0%  of  all  Turnpike  acci- 


dents in  the  1952-1953  period  studied.  Most  of 
these  accidents  are  skidding  accidents.  Informa- 
tion describing  how  the  vehicle  got  into  the  skid 
was  lacking  in  most  cases.  Typical  driver  state- 
ments were: 

a.  “I  was  traveling  west  when  all  of  a sud- 
den I skidded  on  the  icy  highway  and 
lost  control." 

b.  “All  of  a sudden  1 skidded  on  the  wet 
highway  and  lost  control.” 

c.  “I  hit  an  icy  spot  and  lost  control.” 

d.  “I  spun  around  on  the  snowy  highway 
and  got  hit.” 

Ice  and  snow  spots  are  encountered  with 
some  frequency  on  the  Turnpike  during  the  win- 
ter season.  In  many  cases  the  entire  road  can  be 
in  perfect  condition  except  for  a few  icy  or  wet 
spots  in  the  mountain  and  bridge  areas.  Some 
drivers  can  understandably  be  surprised  when 
they  suddenly  notice  a slippery  area  ahead.  The 
degree  of  surprise,  naturally,  will  be  a function 
of  how  familiar  they  are  with  Turnpike  condi- 
tions. 

When  an  icy  spot  is  suddenly  encountered  a 
driver’s  first  reaction  may  be  to  slow  down  quick- 
ly or  change  direction  to  miss  the  spot  rather  than 
“ride  it  out.”  If  this  process  happens  to  occur  on 
the  icy  or  wet  spot  a skid  is  quite  likely. 

The  problem  confronting  a driver  operating 
his  vehicle  on  a completely  wet,  snowy  or  icy 
roadway  is  somewhat  different.  In  these  cases  the 
driver  is  aware  of  conditions.  He  realizes  he  is  on 
snow  (ice,  water)  and  adjusts  his  driving  be- 
havior accordingly.  Speed  data  (described  else- 
where in  this  report)  indicates  drivers  tend  to 
travel  about  10  miles  an  hour  slower  on  ice  and 
snow  than  they  do  on  dry  road;  on  wet  roads 
speed  remains  about  the  same  as  on  dry  roads. 
Whether  or  not  these  speed  adjustments  are  suffi- 
cient cannot  be  definitely  stated  until  adequate 
criteria  of  “safe  speed  for  conditions”  have  been 
more  precisely  defined.  If  the  frequency  of  acci- 
dents occurring  under  adverse  road  conditions  is 
the  yardstick,  however,  one  would  be  inclined  to 
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judge  that  further  adjustment  in  speed  is  neces- 
sary, or  that  greater  driver  ability  must  be 
developed. 

Why  is  it  that  some  drivers  insist  on  speeds 
beyond  their  ability?  Probably  many  factors  are 
involved  here.  First,  a driver  found  on  the  Turn- 
pike under  adverse  conditions  usually  has  a defi- 
nite destination  and  a specific  purpose  in  going 
there.  He  is  certainly  not  merely  admiring  the 
scenery.  Driving  under  adverse  road  conditions 
is  hardly  pleasant  to  the  driver  who  wants  to 
complete  this  task  as  quickly  as  possible.  Thus, 
the  very  conditions  making  the  task  difficult  also 
serve  to  generate  impatience. 

Second,  drivers  tend  to  overestimate  their 
driving  ability.  This  attitude  is  given  nourish- 
ment from  two  sources: 

( 1 ) Clear-cut  definitions  of  just  what  con- 
ditions can  and  cannot  be  handled 
even  by  “good”  drivers  are  lacking. 
Thus  drivers  have  no  criteria  against 
which  to  judge  their  behavior. 

( 2 ) Each  mile  driven  safely  under  adverse 
conditions  serves  to  increase  the  im- 
modest respect  for  his  own  ability  in- 
herent to  the  driver.  Some,  of  course, 
are  eventually  jolted  from  their  com- 
placency by  an  accident,  but  this  is  of 
little  value  if  our  point  of  view  is  one 
of  preventive  medicine  rather  than 
survival  of  the  fittest. 

To  this  point  the  emphasis  has  been- on  the 
speeds  driven  under  adverse  conditions.  This  is 
apt  to  be  misleading,  for  speed  in  and  of  itself 
does  not  “cause”  the  skid.  Driving  errors  tend  to 
become  magnified,  however,  as  speed  increases. 
Negotiating  a curve  poorly  or  slowing  down  sud- 
denly might  be  unimportant  at  low  speed  but 
could  be  disastrous  at  higher  speeds.  Skids  are 
probably  precipitated  in  this  manner  although 
additional  data  should  be  gathered  in  this  area. 

It  would  seem,  then,  that  this  class  of  acci- 
dents basically  can  be  attributed  to  deficiencies 
in  driving  skills  and  techniques.  The  following 
evidence  serves  to  support  this  view. 


The  behaviors  listed  under  Deficiencies  in 
Routine  Driving  Skills  (Table  11-1)  are  those 
that  precipitated  skids  under  similar  conditions 
to  those  listed  for  this  category.  These  behaviors 
can  obviously  be  described  as  deficiencies  in 
routine  driving  skills.  The  skidding  accidents 
listed  as  Failure  to  Cope  With  Road  Conditions 
accidents  would  probably  be  included  in  the 
Deficiencies  in  Routine  Driving  Skills  category 
were  sufficient  information  regarding  what  the 
driver  did  or  did  not  do  included  in  the  accident 
reports  for  these  accidents. 

Further  than  this,  statistical  analysis  of  our 
data  indicates  a greater  percentage  of  females 
(as  compared  to  males)  are  the  drivers  of  vehi- 
cles in  this  category  { Failure  to  Cope  With  Road 
Conditions)  than  we  would  expect  from  the  per- 
centage of  female  drivers  involved  in  other  classes 
of  accidents.  The  same  can  be  said  of  female 
drivers  in  Deficiencies  in  Routine  Driving  Skills. 
These  similar  disparities  could  be  attributed  to 
the  basic  similarities  in  the  types  of  accidents. 

The  obvious  implication  of  the  above  is  that 
females  are  not  as  proficient  in  handling  a vehi- 
cle in  conditions  related  to  these  types  of  acci- 
dents. Such  a conclusion  seems  tenable  in  view' 
of  the  following  reasoning. 

Driving  tests  used  in  the  licensing  proce- 
dure do  not  require  that  applicants  demonstrate 
proficiency  in  handling  a vehicle  in  adverse  con- 
ditions. So  far  as  can  be  determined  not  one  state 
requires  a driver  to  demonstrate  proficiency  on 
icy  roads,  in  handling  a blowout  or  other  emer- 
gency situation  or,  for  that  matter,  to  demon- 
strate ability  in  handling  a vehicle  under  condi- 
tions of  higher  speed  travel.  Thus  drivers  are 
licensed  and  then  learn  these  abilities. 

To  consider  skidding  accidents  specifically, 
any  driver's  first  skid  must  occur  after  he  has 
been  legally  granted  the  privilege  to  drive.  Thus 
all  drivers  are  beginners  when  it  comes  to  skid- 
ding. Their  proficiency  in  this  area  increases  (or 
decreases)  as  a function  of  how  often  they  drive 
under  conditions  conducive  to  skidding,  and  how 
accurate  is  their  knowledge  of  what  to  do  under 
such  conditions.  Poor  habits  obviously  can  be 
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learned  well  in  this  case  just  as  can  good  habits. 

The  female  driver,  by  the  nature  of  her  role 
in  our  culture,  does  not  experience  poor  driving 
conditions  as  much  as  does  her  male  counter- 
part. Males  must  travel  to  work  whereas  many 
female  drivers  are  housewives.  Usually  a male 
does  the  driving  when  escorting  his  lady  and  so 
on.  Other  evidence  could  be  offered  but,  in  gen- 
eral, it  seems  that  males  compile  more  driving 
experience  under  adverse  road  conditions.  Thus 
it  is  that  female  drivers  are  somewhat  restricted 
from  learning  what  to  do  in  a skid  by  compara- 
tively less  experience,  the  only  teacher.  It  is  not 
surprising  to  find  them  disproportionately  high 
in  this  category  nor  in  Dehciencies  in  Routine 
Driving  Skills  for  that  matter. 

To  complete  this  story  it  should  be  remem- 
bered that  our  statistics  indicate  female  drivers 
are  more  “prone”  to  skidding  accidents  than 
males;  nevertheless,  male  drivers  still  account 
for  78%  of  all  skidding  accidents  undoubtedly 
because  of  the  high  number  of  vehicle  miles 
driven  by  males  as  compared  to  females. 


There  are  three  major  points  in  summary: 

( 1 ) Accidents  grouped  in  this  category 
would  probably  be  found  m Deficien- 
cies in  Routine  Driving  Skills  were 
sufficient  information  available. 

( 2 ) Violations  of  safe  procedures  probably 
account  for  many  of  these  accidents. 
These  violations  can  be  attributed  to 
lack  of  knowledge  of  what  is  danger- 
ous and  poor  attitudes  in  the  form  of 
overestimation  of  ability  to  cope  with 
the  situation. 

( 3 ) The  lack  of  training  in  these  situations 
and  the  lack  of  sound  driver  selection 
based  on  proficiency  under  various 
conditions,  are  two  of  the  major  fac- 
tors contributing  to  these  accidents. 

The  following  outline  expands  these  views 
more  fully.  In  the  left  hand  column  are  con- 
ditions which  lead  up  to  accidents  of  this  type; 
in  the  right  hand  column  are  the  conditions 
which  precipitate,  or  “trigger”,  the  accident. 


ANTECEDENT 

A.  Environmental  factors  related  to: 

1.  Reduced  traction 

a.  Snowy,  icy,  wet  road  surface 

b.  Temperature  differences  at 
bridges  resulting  in  frosty,  icy, 
wet  spots 

2.  Reduced  visibility 

a.  Snowing,  raining,  hailing,  sleet- 
ing 

3.  Related  symbolic  environment 

a.  Signs  before  bridges  reducing 
speed  limit 

b.  Radio  reports 

c.  Toll  booth  operator’s  warnings 

6.  Vehicular  Factors: 

1.  Tire  condition  — reduced  traction 

when  poor  ( bald) 


PRECIPITATING 

A.  Environmental  factors  related  to: 

1.  Precipitating  skid 

a.  Curve  in  road 

b.  Uneven  road  surface 

c.  Object  in  road 

d.  Tar  ridges  between  pavement 
blocks 

e.  Edge  of  road  indeterminate  be- 
cause of  snow 

f.  Piles  of  slush,  snow,  or  ice;  or 
ruts  in  snow  or  slush  or  ice 
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ANTECEDENT 

PRECIPITATING 

2. 

Speedometer  reading  indicates  a 
speed  high  for  conditions 

3. 

Weight  distribution  (related  to  loca- 
tion of  center  of  gravity  of  vehicle 
and  the  effect  on  maneuverability  of 
vehicle ) 

4. 

Chains  or  snow-tread  tires  (lack  of) 

C.  Human  Factors: 

1. 

Discriminations 

1.  Discriminations 

a. 

Road  conditions 

a. 

Foss  of  traction 

b. 

Weather  condition 

b. 

Change  in  vehicle's  attitude  in 

c. 

Symbolic  environment  ( antici- 

relation  to  road 

patory  responses) 

c. 

Failure  to  detect  path  of  least 

d. 

Tire  condition 

probable  collision 

e. 

Propensity  of  vehicle  to  skid 

f. 

Speedometer  reading 

2. 

Decisions 

2.  Decisions 

a. 

Travel  rather  than  stay  home 

a. 

Failure  to  select  path  with  least 

b. 

Failure  to  reduce  to  “safe”  speed 
for  conditions 

probability  of  collisions 

c. 

Erratic  and  abrupt  changes  in 
direction 

d. 

Failure  to  use  chains  (snow 
treads ) 

e. 

Failure  to  replace  worn  (bald) 
tires 

3. 

Motor  Responses 

3.  Motor  Responses 

a. 

( Failure  to  ) decrease  pressure  on 

a. 

(Failure  to)  turn  steering  in  di- 

accelerator 

rection  of  skid 

b. 

( Failure  to  exhibit)  smooth  con- 

b. 

(Failure  to  exhibit)  smooth  con- 

trol  movements;  coordinated 

trol  manipulation 

turns;  coordinated  brake,  accel- 
erator, steering  manipulation 

1.  Abrupt  slamming  on  of  brakes 

4. 

Motivation 

a. 

Test  limits  of  ability  (don’t  need 
chains,  etc.) 

b. 

Overestimation  of  ability  to  cope 
with  skids,  stops  on  ice,  etc. 

(Continued  Page 

40) 
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ANTECEDENT 

PRECIPITATING 

c.  Social  facilitation — -other  vehi- 
cles “getting  away”  with  travel- 
ing at  unsafe  speeds 

d.  Reinforcement  of  idea  that  high- 
er speeds  are  safe  as  a function 
of  how  long  higher  speed  opera- 
tion is  uninterrupted  by  a skid  or 
other  danger. 

5.  Habits 

5.  Habits 

a.  Put  on  brakes  abruptly  when  in 
trouble 

b.  Turn  abruptly  away  from  ap- 
proaching danger 

D.  Environmental  Supports: 

D.  Environmental  Supports: 

a.  Lack  of  traction  on  slippery  sur- 
face 

ANALYSIS  OF  ILLEGAL  AND  UNSAFE  ACTIONS  Acci- 
dents in  this  category  accounted  for  21.5%  of 
the  total.  The  precipitating  factor  primarily  con- 
sists of  a violation  of  a safe  driving  procedure, 
i.e.,  violations  of  safety  and  legal  codes.  There  is 
overlapping  between  this  area  and  Deficiencies 
in  Routine  Driving  Skills.  The  latter  category  in- 
volves the  violation  of  procedures  in  some  cases 
also,  but  primary  responsibility  was  judged  to  lie 
in  manipulative  ability.  Manipulative  ability  may 
also  be  involved  in  many  cases  in  the  present 
category,  but  primary  responsibility  for  the  ac- 
cident is  assigned  to  the  violation  of  a procedure. 
Violations  included  pulling  out  into  the  passing 
lane  without  hrst  checking  for  other  vehicles  in 
that  lane,  stopping  on  the  main  traveled  portion 
of  the  highway,  making  U-turns  (illegal  on  the 
Turnpike),  passing  on  the  right,  etc.  Typical 
driver  statements  were: 


a.  “I  stopped  on  the  highway  to  clean  my 
windshield  and  this  car  came  along  and 
hit  me.” 

b.  “The  car  ahead  started  to  slow  down 
for  the  exit.  I guess  I was  too  close  to 
him  because  1 couldn’t  get  stopped  in 
time.” 

Driving  experience  of  the  drivers  found  in 
this  category  is  extensive.  Almost  two-thirds  of 
these  people  had  at  least  ten  years  of  driving 
experience.  Thus,  it  is  extremely  doubtful  that 
ignorance  of  safe  procedures  was  a rule  for  this 
group.  It  is  more  likely  that  these  drivers  had 
developed  too  much  security  in  the  driving  task. 
The  practices  of  giving  signals,  checking  for 
other  vehicles,  following  too  closely,  and  check- 
ing to  see  if  a vehicle  is  properly  parked  were 
probably  considered  to  be  relatively  unimpor- 
tant and  were  forgotten  for  the  moment. 
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In  general,  even  if  such  violations  are  con- 
sidered potentially  dangerous,  an  experienced 
driver  may  tend  to  overestimate  his  ability  in 
coping  with  possible  emergencies. 

Enforcement  procedures  could  contribute 
to  the  development  of  a healthier  attitude  here. 
Instead  of  placing  enforcement  emphasis  upon 
speed  in  a majority  of  cases  ( as  does  most  pub- 
licity regarding  accidents ) , more  of  the  emphasis 
should  be  placed  on  the  procedures  whose  viola- 
tion, at  any  speed,  leads  to  accidents. 

Ignorance  of  codes  does  merit  considera- 
tion in  this  category.  The  nature  of  the  Turnpike 
makes  the  following  of  certain  procedures  more 
important  on  this  road  than  on  others.  For  ex- 
ample, U-turns  are  illegal  on  the  Turnpike.  The 
high  speed  travel  for  which  the  Turnpike  was  de- 
signed makes  such  turns  extremely  hazardous 
and  procedures  for  alerting  the  driver  to  this  fact 
are  worthy  of  further  consideration. 

Possible  driver  unawareness  of  another  type 
should  be  mentioned  here.  In  a few  accidents  the 
precipitating  factor  seems  to  consist  of  violation 
of  a safe  procedure  in  the  vicinity  of  accidents 
or  maintenance.  This  violation  consists  of  a fail- 


ure to  post  sufficient  warning  of  an  accident  or 
repairs  ahead,  i.e..  a failure  to  acquaint  oncom- 
ing drivers  of  conditions  at  a sufficient  distance 
preceding  the  area  to  enable  the  drivers  to  make 
allowances  for  the  situation  ahead.  While  the 
number  of  accidents  precipitated  by  such  factors 
is  minor  compared  to  the  total,  it  is  felt  some 
attention  should  be  given  to  the  proper  warning 
distance  in  given  areas,  and  the  most  efficient 
way  to  acquaint  drivers  with  conditions  they  will 
shortly  encounter.  Such  considerations  would 
apply  to  warning  drivers  of  icy  spots  as  well  as 
to  those  conditions  discussed  above. 

In  summary,  human  factors  of  most  impor- 
tance for  this  category  deal  with  the  tendency  to 
neglect  the  practice  of  many  safety  and  legal  pro- 
cedures. This  tendency  is  most  facilitated  by  the 
over-confidence  born  of  long  driving  experience 
and,  to  a lesser  degree,  by  ignorance  or  unaware- 
ness of  the  procedures  per  se. 

The  following  outline  expands  these  views 
more  fully.  In  the  left  hand  column  are  condi- 
tions which  lead  up  to  accidents  of  this  type; 
in  the  right  hand  column  are  the  conditions 
which  precipitate,  or  “trigger”,  the  accident. 


ANTECEDENT  PRECIPITATING 

A.  Environmental  Factors 

1.  Factors  contributing  to  traffic  den- 
sity: 

a.  Dry  road 

b.  Clear  weather 

c.  Daylight 

d.  Turnpike  engineering  — super- 
highway 

B.  Vehicular  Factors 

1 . Factors  related  to  stopping  on  high- 
way: 

a.  Vehicle  condition 

(Continued  Page  42) 
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ANTECEDENT 

PRECIPITATING 

2.  Factors  related  to  improper  attitudes 

of  superiority  or  fear: 

a.  Vehicle  size 

b.  Vehicle  noise 

c.  Vehicle  speed 

c. 

Human  Factors 

1.  Decisions: 

1. 

Decisions: 

a.  (Failure  to)  follow  *SOP’s  of 

a. 

Change  lanes  to  pass  without 

road 

checking  rear 

1.  (Failure  to)  predict  conse- 

b. 

Park  stalled  auto  on  highway 

quences  of  actions 

c. 

Pass  before  lane  clear 

2.  Momentary  forgetfulness 

d. 

Slow  suddenly 

2.  Discriminations: 

e. 

Tailgating 

a.  Proximity  of  other  traffic 

f. 

Pass  when  vision  obscured 

1.  Consequences  of  actions 

g- 

Failure  to  check  that  brakes  are 
set  and  vehicle  is  in  gear  when 
parking 

3.  Motor  responses: 

3. 

Motor  responses: 

a.  Responses  involved  in  car  manip- 

a. 

Failure  to: 

ulation 

1 . Check  for  passing  vehicles 

1.  Acceleration,  deceleration 

2.  Check  for  vehicles  in  rear 

2.  Changing  direction 

3.  Set  brakes,  put  vehicles  in 

3.  Parking  procedures 

gear 

4.  Motivation: 

4. 

Motivation: 

a.  Overestimate  ability 

a. 

Pleasures  in  future  (coffee  stop) 

b.  Test  limits  of  environment 

tend  to  make  operator  negligent 

c.  Assume  others  will  not  deviate 

in  immediate  actions  (parking 

from  “normal”  routines 

vehicle  properly) 

5.  Habits 

5. 

Habits: 

a. 

Slam  on  brakes  when  in  danger 

D. 

Environmental  Supports 

1 . Soft  berm  or  medial 

2.  Gravel  on  road 

*Safe  Operating 

Procedures 
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ANALYSIS  OF  INATTENTIVENESS  This  category  ac- 
counted for  17.2%  of  the  accidents  considered. 
Two  major  breakdowns  are  contained  in  this 
category  and  are  discussed  below. 

1 . Asleep 

Drivers  falling  asleep  accounted  for  13.2% 
of  all  accidents  considered.  Typical  driver  state- 
ments were: 

a.  “I  must  have  dozed  off  and  I ran  off  the 
road.” 

b.  “I  guess  I fell  asleep  and  when  I woke 
up  there  was  this  truck  in  front  of  me.” 

Qualitatively  considered,  this  class  of  acci- 
dents seems  to  consist  of  two  general  types  of 
“sleep".  There  are  those  drivers  who  apparently 
fall  asleep  due  to  physical  exhaustion  and  there 
are  those  who  are  lulled  into  a state  which  might 
be  termed  psychological  fatigue.  These  latter 
seem  to  be  awake  but  unaware  or  unconcerned 
with  their  role  as  a driver  traveling  over  a high- 
way. Whether  these  constitute  separate  and  dis- 
tinct classes  of  accidents  is  doubted.  More  likely 
they  are  merely  points  along  a continuum. 

The  former  class  possibly  consists  of  driv- 
ers who  embarked  on  their  trip  in  a physically 
tired  state.  These  people  were  affected  by  vari- 
ous monotony-inducing  factors  but  contributed 
much  more  to  the  likelihood  of  an  accident  by 
a lack  of  sleep  preceding  the  trip.  Physically  ex- 


hausted, these  people  needed  sleep  prior  to  their 
trip  much  more  than  distraction  while  on  the  trip 
to  keep  them  awake.  Officers  list  the  amount  of 
sleep  drivers  in  this  category  enjoyed  prior  to  the 
trip  on  which  they  fell  asleep,  but  all  things  con- 
sidered, the  reliability  of  these  figures  is  ques- 
tionable. In  many  cases  the  officer  disagrees  with 
the  driver's  statement  on  the  evidence  presented 
by  the  driver's  appearance,  i.e..  red  rimmed  eyes, 
blood-shot  eyes,  and  so  on.  Lacking  data  re- 
garding a driver's  physical  state  it  is  impossible 
to  judge  how  many  of  these  people  fell  asleep 
mainly  because  they  were  tired. 

The  latter  type  of  "sleep"  ( or  extreme  in- 
attentiveness ) may  be  attributed  to  an  inter- 
action of  a number  of  factors:  boredom,  "ideal" 
environment  ( no  intersections,  traffic  lights, 
etc.),  evenly  spaced  delineators  which  at  night 
reflect  headlights  with  monotonous  regularity, 
cramped  bodily  position  of  the  driver,  etc. 

It  is  to  be  noted  that  an  unusual  proportion 
of  "falling  asleep"  accidents  happen  to  drivers  in 
the  16-25  year  age  group.  It  might  be  added  that 
this  is  the  age  group  selected  for  military  service. 
Many  of  the  drivers  involved  in  this  class  of  acci- 
dent were  servicemen  hurrying  back  to  or  from 
camp  on  limited  leave  time.  In  such  instances  we 
should  not  expect  the  driver  to  be  in  well  rested 
condition.  Further  consideration  is  given  this 
point  later  in  this  chapter. 


To  outline  this  analysis: 

ANTECEDENT 

PRECIPITATING 

A.  Environmental  Factors 

1.  Factors  contributing  to  monotony: 

( Asleep  accidents  are  set  up  by  Ante- 

a. 

Evenly  spaced  delineators 

cedent  Factors  primarily) 

b. 

Evenly  spaced  pavement  block 
separations 

c. 

Uniform  roadw’ay  texture 

d. 

Remoteness  of  surrounding  en- 
vironment (distance) 

(Continued  Page  44) 
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PRECIPITATING 


e.  Absence  of  red  lights,  intersec- 
tions,  etc. 

f.  Relatively  low  traffic  density 

g.  “Ideal"  weather  and  visibility 
conditions 

h.  Percentage  of  straight  road  and 
curves  engineered  for  ease  of 
driving. 

i.  Length  of  trip  possible  (327 
miles ) 

6.  Vehicular  Factors 

1.  Factors  contributing  to  monotony; 

a.  Uniform  engine  hum 

b.  Smooth  comfortable  ride  of  new 
cars 

c.  Ease  of  manipulation 

d.  Heating  system 

e.  Seat  installation  ( relation  to  ease 
of  breathing,  circulation  and  di- 
gestion 

C.  Human  Factors 

1.  Discriminations 

a.  Drowsy  state 

2.  Decisions 

a.  Stop  and  stretch 

b.  ( Do  not ) keep  vehicle  ventilated 
and  not  too  warm 

c.  (Do  not)  attempt  too  great  a 
distance  without  stop 

d.  Few  decisions  to  make  insofar  as 
manipulation  of  vehicle  is  con- 
cerned 

e.  ( Avoid  ) heavy  meals  while  driv- 
ing long  distances 

3.  Motor  Responses 

a.  (Failure  to)  shift  position  to 
facilitate  circulation,  digestion, 
respiration 

b.  “Broken”  or  “Varied”  scanning 
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4.  Motivation 

a.  Desire  to  reach  destination 
quickly 

1.  Driving  task  contains  little 
reward  in  and  of  itself 

2.  A "rest  and  stretch”  stop 
would  waste  time 

3.  Occupational 

b.  Overestimation  of  ability  to  stay 
awake 

1 . After  short  sleep  night  ( day ) 
before  trip,  drinking  parties, 
etc. 

c.  Desire  to  remain  warm  ( comfort- 
able) no  ventilation  in  winter 

5.  Habits 

a.  Slouch  in  and  maintain  most 
comfortable  position 


ATTENDING  TO  OTHER  TASKS  This  class  of  acci- 
dent accounts  for  4.0%  of  all  accidents  sur- 
veyed. Accidents  listed  here  were  precipitated 
by  drivers’  inattention  to  the  road  ahead.  This 
inattention  may  be  the  result  of  attention  to  some 
task  not  connected  with  driving,  or  to  a driving 
sub-task  which  momentarily  diverts  attention 
from  the  road  ahead.  Typical  driver  statements 
include: 

a.  "I  was  reaching  toward  the  back  seat 
to  get  a pack  of  cigarettes  when  all  of  a 
sudden  I ran  oflf  the  road  and  upset”. 

b.  “I  was  looking  in  my  mirror  when  I 
came  up  on  the  rear  of  this  other  car. 
It  w’as  too  late  to  stop”. 

It  is  not  surprising  to  find  most  drivers  in 
this  category  have  had  considerable  driving  ex- 
perience. As  discussed  previously,  the  more  auto- 
matic driving  habits  have  become,  the  more  like- 


ly a driver  will  not  be  as  alert. 

Familiarity  with  the  road  resulting  from 
numerous  trips  would  contribute  to  this  sense  of 
security  and  complacency. 

Another  factor  is  probably  of  importance. 
For  many  drivers  time  consists  of  "now”.  Little 
thought  is  given  to  projecting  into  the  future 
(even  just  a few  minutes  hence)  the  conse- 
quences of  actions  "now”.  Consequently,  a driver 
reaching  for  a cigarette  or  looking  for  his  toll 
ticket  does  not  consider  what  might  happen  in 
the  course  of  the  few  moments  he  is  occupied. 
He  could  take  stock  of  the  position  of  other  traf- 
fic, whether  or  not  he  was  approaching  a curve 
around  which  might  be  a slow'  moving  vehicle, 
and  so  on,  since  this  information  is  available  to 
him.  When  driving  on  a "now”  basis,  however, 
distractions  seldom  are  viewed  as  time-consum- 
ing and  drivers  faithfully  expect  the  status  quo  to 
remain  just  that.  See  outline  on  next  page. 


45 


To  outline  this  analysis: 

ANTECEDENT 

A.  Environmental  Factors 

1.  Factors  contributing  to  relaxing  of 
vigilance 

a.  Relatively  “ideal”  conditions 
( 1 ) Daylight  clear-cloudy,  dry 

(2)  Night  clear-cloudy,  dry 

(3)  Highway  engineered  for 
ease  in  driving 

6.  Vehicular  Factors 

1.  Factors  contributing  to  relaxing  of 
vigilance 

a.  Ease  of  handling 

b.  Comfort  of  vehicle 

C.  Human  Factors 

1 . Decisions 

a.  Few  decisions  to  make  other 
than  routine  driving  decisions 

( 1 ) Automatic  responses  born 
of  long  driving  experience 
have  eliminated  need  for 
decisions 

(2)  Ideal  environmental  con- 
text elicits  lowered  vigi- 
lance, lowered  discrimina- 
tion, less  need  for  decisions 
apparent 

2.  Discriminations 

a.  Poor  scanning  skill  or  habit 

3.  Motor  responses 

4.  Motivation 

a.  Driver  tends  to  test  limits 

b.  Driving  task  facilitates  learning 
unsafe  modes  of  response — driv- 
ing often  done  while  fatigued 


PRECIPITATING 

1.  “Appearance”  of  object  in  path  at 
close  distance  ( other  vehicle  usually ) 

2.  Cues  indicating  vehicle  is  off  main 
highway  or  headed  in  that  direction 


1 . Decisions 

a.  Best  possible  escape  route 


2.  Collision  course 

3.  Motor  responses 

a.  Hit  brakes 

b.  Brakes — steering — accelerator 
coordination  for  best  escape 
route 
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ANTECEDENT 


PRECIPITATING 


c.  Driver’s  attention  to  driving  is 
variable.  Novice  less  likely  to  get 
drowsy  or  “inattentive” 

d.  Not  enough  attention  is  given  to 
predicting  probable  status  of  en- 
vironment subsequent  to  an  act 
removing  attention  from  road 
ahead  for  momentary  periods. 

e.  Easily  distracted  by  environ- 
mental cues. 


ANALYSIS  OF  VEHICLE  FAILURES  Vehicle  failures 
accounted  for  13.8%  of  all  Turnpike  accidents 
in  the  period  studied.  This  area  covers  accidents 
caused  by  structural  failure  of  the  vehicle,  blow- 
outs, soft  tires,  improper  loading,  and  vehicle 
design.  In  the  following  analysis,  each  of  these 
will  be  considered  separately. 

7.  Structural  failures. 

Typical  driver  statements  for  this  category 
include  the  following: 

a.  “I  was  nearing  my  turnoff  and  started 
pumping  my  brakes  to  slow  down.  They 
wouldn’t  hold  and  I ran  off  onto  the 
berm  and  hit  the  guard  rail  rather  than 
hit  the  car  ahead.” 

b.  “All  of  a sudden  my  car  pulled  to  the 
right  and  upset.”  (Officers’  statement 
indicated  that  a radius  rod  had 
snapped.) 

Vehicle  condition  is  the  key  factor  for  this 
category.  Primary  responsibility  for  an  accident 
was  assigned  to  a failure  of  some  feature  of  the 
vehicle.  Unfortunately,  the  vehicle  condition 
prior  to  the  accident  is  not  known. 

A disproportionate  number  of  trucks  are 
found  in  this  category  as  compared  to  the  pro- 
portion of  trucks  involved  in  other  types  of  acci- 


dents. This  disparity  is  statistically  significant. 
Whether  this  indicates  trucks  are  in  relatively 
poorer  condition  as  compared  to  passenger  cars, 
or  whether  this  fact  indicates  trucks  break  down 
as  a result  of  their  comparatively  more  difficult 
task  is  not  known. 

In  any  event,  vehicle  failures  do  involve 
parts  of  the  vehicle  which  receive  heavy  wear. 
Brake  failures,  steering  mechanism  failures  and 
wheels  coming  off  account  for  a majority  of  these 
accidents.  That  these  are  among  the  parts  most 
likely  to  give  way  on  long  trips  would  appear 
logical. 

If  a human  contribution  can  be  assigned  to 
this  category,  the  most  apparent  would  be  neg- 
ligence. Drivers  are  apt  to  take  “good”  vehicle 
condition  for  granted  and  many  seldom  check 
for  other  than  obvious  deficiencies.  State  inspec- 
tion systems  guarantee  that  vehicles  meet  certain 
specified  criteria  at  inspection  time  but  this  does 
not  assure  that  critical  deterioration  of  some 
vehicle  part  could  not  take  place  in  the  si.x- 
month  interval  between  inspections.  Drivers  are 
expected  to  assume  responsibility  for  these  in- 
tervals but  expectations  here  probably  exceed 
actualities. 

It  is  possible  that  a given  driver,  well  ac- 
quainted with  a vehicle  deficiency,  will  attempt 
to  make  a trip  anyway  in  the  hope  that  the  vehicle 
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will  stand  up.  Economic  considerations  related 
to  repair  bills  often  temper  such  a decision. 

It  is  more  probable,  however,  that  drivers 
are  pretty  much  unaware  of  critical  vehicle  con- 
dition. Cars  are  more  or  less  expected  to  go  on 
running  forever,  particularly  in  states  where  in- 
spection twice  a year  attests  to  good  vehicle  con- 
dition. In  addition,  modern  vehicles  reinforce  the 
idea  of  their  immortality.  A driver  expected 
balkiness  from  his  vehicle  in  the  1920’s  but 
today’s  streamliners  are  not  expected  to  be  any- 
thing but  efficient. 

Then  too,  knowledge  of  vehicle  factors  is 
quite  limited.  The  increasing  utilization  of  autos 
as  a means  of  travel  and  their  increased  com- 
plexity has  led  to  the  development  of  specialized 


mechanics.  Drivers  generally  are  not  as  inclined 
to  “tinker”  with  their  vehicles  as  in  former  days; 
today  a driver  “drives”  and  a mechanic  “checks”. 
This  division  of  labor  applies  to  trucking  com- 
panies also  where  drivers  “drive”  and  mainte- 
nance men  “maintain”. 

Knowledge  related  to  the  demands  of  Turn- 
pike travel  is  also  probably  meager.  “Bugs”  in  a 
vehicle  may  not  show  up  under  routine  city 
driving  but  the  requirements  of  constant  high 
speed  operation  for  relatively  long  periods  of 
time  can  induce  the  breakdown  of  parts. 

In  summary,  the  human  factors  of  probable 
importance  are  negligence  in  vehicle  checking 
and  ignorance  as  to  vehicle  requirements  for  both 
local  and  extended  travel. 


To  outline  this  analysis: 

ANTECEDENT 

PRECIPITATING 

A. 

Environmental  Factors 

1.  Factors  conducive  to  high  speed 

travel: 

a. 

Dry  road 

b. 

Clear-cloudy  weather 

c. 

Daylight 

d. 

Curved  road 

e. 

Wind  gusts 

B. 

Vehicular  Factors 

1.  Vehicle  condition 

1.  Vehicle  condition 

a. 

Brakes,  steering,  etc.,  in  mediocre 

a.  Decreased  or  absent 

braking 

or  poor  condition 

ability 

b. 

Age  of  vehicle 

b.  Decreased  or  absent 

steering 

c. 

Degree  of  preventive  mainte- 

ability 

nance 

c.  Fire 

d. 

Degree  of  abuse  in  handling  of 
vehicle 

d.  Vehicle  stalls 

e. 

Previous  accidents  or  break- 
downs could  result  in  weakening 
of  some  vehicle  part 
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ANTECEDENT 

C.  Human  Factors 

1 . Decisions 

a.  Failure  to  check  vehicle  condi- 
tion 

1.  Decision  to  make  (not 
make)  trip  with  vehicle  in 
poor  condition 

2.  Adjust  driving  behavior  in 
terms  of  inferior  part  ( slow- 
er  driving  with  poorer 
brakes,  etc.) 

2.  Discriminations 

a.  (Failure  to)  perceive  differences 
in  handling  characteristics  of 
vehicle  (poor  brakes  slower  de- 
celeration) 

3.  Motivation 

a.  Overestimation  of  vehicle  condi- 
tion and  underestimation  of  its 
importance 

1.  Feeling  that  so  long  as  ve- 
hicle runs,  parts  are  in  good 
working  order.  Lack  of  in- 
terest in  preventive  mainte- 
nance. 

2.  Short  range  view  that  eco- 
nomic considerations  (repair 
bills)  of  the  moment  can  be 
put  off  indefinitely. 


PRECIPITATING 

1.  Decisions 

a.  Come  to  a stop  and  apply  emer- 
gency measures  if  necessary 
(fire  extinguishers,  etc.) 

b.  Do  not  stop  on  highway  (main 
traveled  portion ) 


2.  Discriminations 

a.  Failure  of  vehicle  part 


2.  Blowouts. 

In  this  category  are  grouped  those  acci- 
dents precipitated  by  a blowout  of  one  of  the  ve- 
hicle’s tires.  Statements  by  drivers  involved  in 
this  class  of  accidents  are  typified  by  the  follow- 
ing: 

a.  “My  tire  blew  out  as  I was  doing  50 
m.p.h.  and  I lost  control.” 


b.  “My  tire  blew  and  the  car  pulled  to  the 
right  into  the  guard  rail.” 

The  human  factor  in  the  blowout  accident 
seems  to  fall  in  two  major  categories  which  we 
can,  for  convenience,  term  motivation  and  driv- 
ing aptitude. 

The  first  of  these  is  related  to  conditions 
prior  to  the  blowout.  For  example,  whether  or 
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not  a driver  inspected  his  vehicle  (tire)  condi- 
tion would  primarily  be  motivational  in  nature. 
Whether  or  not  he  chose  to  take  a long  trip  with 
poor  tires,  the  speed  at  which  he  chose  to  travel 
on  a hot  day,  the  care  with  which  he  checked  tire 
air  pressure,  and  other  related  factors  are  moti- 
vational in  nature.  Data  about  these  factors  do 
not  appear  in  accident  reports,  naturally,  and  the 
relative  importance  of  these  variables  must  be 
assumed. 

There  is  little  assumption  involved  in  spec- 
ifying the  demands  made  of  the  driver  once  his 
tire  has  blown,  however.  Unless  the  vehicle  is 
equipped  with  safety  tubes,  safety  rims  or  other 
mechanical  aids,  a blowout  usually  results  in  an 
extreme  pull  to  one  side.  If  the  driver  lacks  a 
good  grip  upon  the  steering  wheel  the  battle  is 
apt  to  be  lost  before  it  has  begun,  since  the  steer- 
ing wheel  will  spin  sharply  and  the  vehicle  will 
be  out  of  control. 

Even  granting  a good  grip,  however,  a 
larger  degree  of  physical  strength  and  driver 


“know-how”  is  necessary  to  prevent  the  vehicle 
from  going  out  of  control.  As  an  indication  of 
this  demand  we  find  a disproportionate  percent- 
age of  females  as  compared  to  males  in  this 
category. 

Aggravating  the  demand  on  physical 
strength  is  what  seems  to  be  an  almost  universal 
response  of  drivers  when  in  trouble — the  tend- 
ency to  slam  on  the  brakes  and  come  to  a stop 
as  quickly  as  possible.  Use  of  the  brake  in  this 
manner  tends  to  increase  the  pull  of  the  vehicle 
with  which  the  driver  is  trying  to  cope. 

Running  off  the  roadway  onto  a soft  berm 
or  medial  strip  can  also  increase  the  demands  on 
the  driver.  Mud,  in  and  of  itself,  makes  steering 
maneuvers  difficult.  When  compounded  by  a 
blowout  the  task  could  become  impossible. 

Here  again,  as  was  mentioned  in  “Failure 
to  Cope  with  Road  Conditions”,  training  and  ex- 
perience does  not  come  through  pre-licensing 
training,  but  is  left  to  later  actual  occurrences. 

The  analysis  of  blowout  accidents  follows. 


ANTECEDENT 

A.  Environmental  Factors 

1.  Factors  contributing  to  heat  genera- 
tion: 

a.  Dry  roadway 

b.  Warm  or  hot  road  surface 

c.  Sunlight 

d.  Hot  day  ( night) 

2.  Factors  contributing  to  weakened  or 
“bruised”  tires: 

a.  Objects  in  roadway 

3.  Related  symbolic  environment: 

a.  Signposts  — “Slides”,  “Fallen 
Rock  Zone”. 

b.  Radio  reports  on  temperature 


PRECIPITATING 


1.  Increased  air  pressure  within  tire 


2.  Air  pressure  reaches  critical  point 
for  weak  spot  in  tire 
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ANTECEDENT 

PRECIPITATING 

B. 

Vehicular  Factors 

1.  Tire  condition — reduced  traction 

1.  Internal  air  pressure  greater  than  ex- 

2.  Tire  inflation — proper  pressure 

terior 

3.  Steering  alignment  — tire  wear, 

2.  Portion  of  tire  “gives” — loud  bang 

“pull”  to  one  side 

of  escaping  air 

4.  Imperfection  in  tire  construction 

5.  Speedometer  — indicates  “high” 
speed 

6.  Temperature  gauge  — indicates 
“above  normal”  temperature 

3.  Sudden  “pull”  to  one  side  of  unusual 
magnitude 

C. 

Human  Factors 

1.  Discriminations 

1.  Discriminations 

a.  Thermal  — ■ environmental  tern- 

a.  Auditory  — explosion  of  escap- 

perature 

ing  air 

b.  Kinaesthetic — “pull”  of  steering 

b.  Kinaesthetic  — sudden  pull  to 

wheel  from  steering  misalign- 

one  side  perceived  through  steer- 

ment,  soft  tire,  etc. 

ing  wheel 

c.  Visual — speedometer  needle  in 

c.  Visual — sudden  change  in  direc- 

“high”  range 
— objects  in  roadway 
— temperature  gauge  needle 
— texture  of  road  surface 
— symbolic  environment 
— heat  waves  from  road  surface 
— tire  condition  from  inspection 
d.  Visual  — kinaesthetic  — “skid- 
ding” or  “weaving”  of  vehicle 
from  reduced  traction  ( bald  tire 
condition ) 

tion  toward  road  edge 

2.  Decisions 

2.  Decisions 

a.  Maintain  (decrease)  speed  when 

a.  Come  to  a stop 

knowledge  of  a combination  of 
tire  condition,  road  temperature 
indicate  this  may  (not)  be  pru- 
dent 

b.  (Failure  to)  check  tire  condition 

c.  (Failure  to)  replace  worn  tire (s) 

b.  Maintain  a course  on  roadway 

(Continued  Page  52) 
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ANTECEDENT 

PRECIPITATING 

d.  (Failure  to)  check  wheel  align- 
ment and  correct  if  necessary 

e.  (Failure  to)  check  tire  air  pres- 
sure 

3.  Motor  Responses 

3. 

Motor  Responses 

a.  (Failure  to)  decrease  pressure 

a.  Sudden  extreme  pressure  on 

on  accelerator 

brakepedal 

b.  (Failure  to)  counteract  pull  to 

b.  Extreme  pressure  on  steering 

one  side  (steering  misalignment) 

wheel  to  counteract  pull  to  one 

with  opposite  pressure  on  steer- 

side 

ing  wheel 

c.  (Failure  to)  have  firm  grip  on 
steering  wheel 

4.  Motivation 

4. 

Motivation 

a.  Keep  vehicle  in  good  condition 

a.  Reach  0 speed  as  quickly  as  pos- 

b.  “Safety  Play”  vs.  probability  of 

sible  when  in  danger 

getting  by 

5.  Habits 

5. 

Habits 

a.  Slam  on  brakes  when  in  danger 
(all-or-none  response) 

6.  Physiological 

6. 

Physiological 

a.  Alertness — -terms  of  fatigue 

a.  Lengthened  reaction  time,  re- 

b.  Physical  strength 

laxed  enforcement  of  procedures 
b.  Strength  (physical)  to  hold 
steering  wheel  firmly  and  prevent 
going  out  of  control 

D.  Environmental  Supports 

a.  Distance  from  wheel  to  edge  of 

a.  Soft  berm  or  medial  — increase 

road 

pull  on  steering  wheel 

3.  Soft  tire. 

Typical  statements  for  this  group  include: 

a.  “1  was  traveling  west  and  noticed  an- 
other rig  wave  me  over  to  the  side.  I 
pulled  over  and  got  out  to  check.  My 
right  rear  dual  caught  fire  a couple  of 
minutes  later.  One  of  the  tires  must 
have  gone  flat  and  got  overheated.” 

In  essence,  what  is  involved  herein  is  con- 
tinued driving  on  a soft  or  flat  truck-tire  which 
eventually  catches  fire.  Judging  from  accident 


reports  the  driver  is  not  aware  of  the  soft  tire 
condition  until  after  the  fire  has  occurred.  Col- 
lision is  not  involved  in  this  category;  the  acci- 
dent consists  merely  of  the  fire  and  resulting 
damage  to  vehicle  and  cargo. 

Probably  the  most  important  human  factor 
for  this  category  of  accident  consists  in  negli- 
gence in  checking  vehicle  condition.  While  gas 
station  attendants  furnish  excellent  service  in 
cleaning  windshields  and  in  checking  oil  and 
water,  they  seldom  check  tire  air  pressure  as  part 
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of  a routine  fuel  sale.  Drivers  generally  overlook 
this  factor  also. 

Once  a vehicle  is  in  motion  a driver  lacks 
information  related  to  tire  air  pressure  or  tire 
temperature.  The  former  can  be  judged  in  some 


cases  by  deviations  from  normal  “handling” 
qualities  of  the  vehicle;  the  latter  is  never  dis- 
tinguishable. Under  present  conditions  then,  the 
most  propitious  time  to  check  tire  conditions  is 
while  the  vehicle  is  at  a standstill. 


To  outline  this  analysis: 

ANTECEDENT 

A.  Environmental  Factors 

1.  Factors  related  to  heat  generation: 

a.  Dry  road 

b.  Clear-cloudy  weather 

c.  Daylight 

d.  Warm  temperature 

2.  Object  in  road  which  results  in  “slow 
leak”  puncture 

B.  Vehicular  Factors 

1 . Low  tire  air  pressure 

2.  Supporting  dual  tire  of  proper  in- 
flation 

3.  Vehicle  weight — contributes  to  gen- 
eration of  heat 

4.  Vehicle  speed — contributes  to  gen- 
eration of  heat 

5.  Tire  condition 

C.  Human  Factors 

1 . Discriminations 

a.  Differences  in  handling  charac- 
teristics of  vehicle 

b.  Tire  gauge — indicates  low. pres- 
sure 

c.  Tire  condition  — visual  inspec- 
tion 

2.  Decisions 

a.  (Failure  to)  check  tire  pressure 
at  gas  stops 

b.  (Failure  to)  inspect  vehicle 
(tire)  condition 

3.  Motivation 

a.  Overestimation  of  vehicle  condi- 
tion. Little  enthusiasm  for  pre- 
ventive maintenance. 


PRECIPITATING 

Heat  generation  to  critical  point  for  tire: 
(tire  “catches”  fire). 


Tire  pressure  steadily  decreases  facilitat- 
ing heat  generation  to  burning  point. 
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4.  Vehicle  design. 

These  accidents  are  almost  identical.  In 
each  case  a vehicle  towing  a house  trailer  is  in- 
volved and,  in  each  case,  this  trailer  began  weav- 
ing and  finally  led  to  the  combination  of  vehicles 
going  out  of  control.  The  driver  typically  re- 
ported that; 

“I  was  traveling  about  45  miles  per  hour 
when,  for  no  apparent  reason,  the  trailer 
started  to  weave.  I tried  to  get  it  under  con- 
trol but  couldn't  do  it.  We  ran  otT  the  road 
and  upset.” 

The  principal  human  contribution  for  this 
category  seems  to  consist  of  the  decision  to  travel 
at  speeds  dangerous  for  this  combination  of  ve- 
hicles. This  decision  could  be  attributed  to  two 
factors: 

a.  Possibly  drivers  are  ignorant  of  the 
dangers  of  higher  speeds  for  this  com- 
bination of  vehicles.  This  viewpoint 


would  seem  to  be  contradicted  by  the 
extensive  driving  experience  of  those 
drivers  grouped  in  this  category.  (Al- 
though their  experience  in  driving  this 
type  of  vehicle  is  not  necessarily  exten- 
sive.) 

b.  It  is  more  probable  that  drivers  over- 
estimate their  ability  to  handle  these 
vehicles  and  underestimate  the  dangers 
of  higher  speeds.  Here,  as  in  other  cate- 
gories, the  greater  the  number  of  times 
a given  driver  has  escaped  an  accident 
while  “testing  his  luck”,  the  greater  will 
be  his  tendency  to  overestimate  his  abil- 
ity in  the  future. 

Once  weaving  has  started  drivers  probably 
add  to  the  likelihood  of  an  accident  by  maneu- 
vers of  an  overcorrecting  nature.  Overcorrec- 
tions would  not  have  to  be  of  very  great  magni- 
tude in  view  of  the  proneness  of  the  vehicle  com- 
bination itself  to  weaving. 


To  outline  this  analysis: 

ANTECEDENT 

PRECIPITATING 

A. 

Environmental  Factors 

1.  Factors  related  to  travel  at  higher 

1.  Factors  related  to  weaving: 

speeds: 

a.  Gusts  of  wind 

a.  Clear-cloudy  weather 

b.  Dry  road 

c.  Straight  road 

b.  Curves 

B. 

Vehicular  Factors 

1.  Tow  connection  between  vehicles  of 

1 . Factors  related  to  weaving; 

unstable  design 

a.  Speed  of  vehicle 

2.  Lightness  (weight  of  vehicles  con- 

b.  Condition  of  vehicle 

tributes  to  instability) 

1.  Soft  tires 

2.  Tow  connection  worn 

3.  Worn  king  pins  — wheel 

C. 

Human  Factors 

“shimmy” 

1.  Decisions 

1.  Decisions 

a.  (Do  not)  travel  at  higher  speeds 

a.  ( Do  not ) reduce  speed  gradually 

b.  (Do  not)  practice  erratic  steer- 

(slamming  on  brakes  is  danger- 

ing  brake,  gas  adjustments 

ous  in  this  situation ) 
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ANTECEDENT 

PRECIPITATING 

2.  Discriminations 

2.  Discriminations 

a.  Speedometer  — indicates  speed 

a.  Handling  characteristics  of  ve- 

45  m.p.h.  or  above 

hide  indicate  weaving 

3.  Motivation 

3.  Motivation 

a.  Impatient  feeling  when  traveling 

a.  Stop  as  quickly  as  possible  when 

on  “high  speed”  highway  at 
slower  speeds.  Drivers  tend  to 
travel  faster 

b.  Overestimation  of  driving  ability 
in  emergencies 

c.  Underestimation  of  dangers  in- 
volved in  weaving 

in  danger 

4.  Habits 

4.  Habits 

a.  Slam  on  brakes  when  in  danger 

b.  Quickly  turn  back  to  road  when 
off  on  berm  or  medial 

5.  Improper  Loading. 

In  each  case  included  in  this  category,  im- 
proper loading  of  the  vehicle  was  judged  to  be 
the  major  precipitating  factor  in  the  accident. 
As  would  be  expected  from  the  nature  of  the 
precipitating  factor,  all  vehicles  in  this  category 
were  trucks.  Typical  driver  statements  for  this 
group  include; 

a.  “1  started  around  the  curve  and,  as  I 
did,  the  load  shifted  and  the  rig  upset 
on  me.” 

In  all  but  one  case  shifting  cargo  contrib- 
uted to  upsetting  a trailer-truck.  In  the  remain- 
ing case  faulty  loading  at  the  terminal  resulted 
in  placing  two  reacting  chemicals  in  close  prox- 
imity to  each  other.  A fire  resulted  which  de- 
stroyed the  vehicle. 

Incorrect  loading  of  a vehicle  probably  re- 
sults from  at  least  one  or  a combination  of  the 
following  factors; 

( 1 ) Lack  of  knowledge  of  correct  loading 
procedures  for  a given  cargo.  The  re- 
lationship between  center  of  gravity 
location  and  vehicle  stability  is  im- 


portant. A lack  of  this  knowledge 
could  result  in  top-heavy  loading  of  a 
vehicle.  Similarly,  lack  of  knowledge 
of  the  reacting  nature  of  the  chemicals 
forming  the  cargo  for  one  of  the 
trucks  in  this  category  could  have 
been  the  reason  for  the  incorrect  plac- 
ing of  the  cargo. 

(2)  Haste  or  carelessness  on  the  part  of 
loaders.  Since  loading  is  usually  done 
by  personnel  other  than  the  driver,  a 
personal  stake  in  vehicle  stability  and 
other  safety  precautions  would  not 
necessarily  be  present.  Such  careless- 
ness could  account  for  improperly 
secured  loads  which  could  shift  and 
upset  vehicle  balance. 

Probably  the  major  contribution  of  the 
driver  consists  of  negotiating  a curve  rather 
sharply  (so  far  as  the  upset  vehicles  are  con- 
cerned). These  vehicles  had  obviously  traveled 
some  distance  before  overturning  and  probably 
had  successfully  negotiated  curves  in  the  course 
of  that  journey.  Turnpike  curves  are  engineered 
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for  high  speeds  and  the  superelevation  (degree  hcer’s  estimates  of  this  factor  indicated  35  miles 

of  bank)  would  surely  be  sufficient  for  the  low  per  hour  as  the  highest  speed  at  which  any  of 

speeds  at  which  these  trucks  were  traveling.  Of-  these  vehicles  was  traveling. 


To  outline  this  analysis: 

ANTECEDENT 

PRECIPITATING 

A. 

Environmental  Factors 

1 . Factors  related  to  upsetting 
a.  Curved  road 

B. 

Vehicular  Factors 

1.  Improperly  secured  load 

1.  Load  shifts  and  vehicle  is  unbal- 

2.  Top  heavy  load 

3.  Improperly  arranged  load 

anced  and  tips 

C. 

Human  Factors 

1.  Decisions 

a.  Loaders 

1.  (Failure  to)  load  vehicle 
with  heavy  cargo  at  bottom 
of  load 

2.  (Failure  to)  secure  load 
properly 

3.  (Do  not)  place  materials 
potentially  dangerous  in 
close  proximity 

1.  Decisions 

b.  Driver 

b.  Driver 

1.  (Failure  to)  coordinate 

1.  Choice  between  trying  to 

turns  well 

right  vehicle  and  tipping 
over.  Proximity  of  traffic  will 
determine  “best”  escape 
route. 

2.  Discriminations 

2.  Discriminations 

a.  Handling  characteristics  of  ve- 

a.  Rapid  scanning  to  discover  if 

hide  indicate  improper  loading 

possible  to  abruptly  swing  ve- 
hicle to  “right”  it. 

3.  Motivation 

3.  Motivation 

a.  Loaders-job  becomes  routine, 
wants  to  hnish  in  a hurry. 

If  loader  is  not  driver,  personal 
stake  may  not  be  involved. 

4.  Physiological 

a.  Driver — fatigued  state — less  co- 
ordination in  driving 

a.  Driver — avoid  turning  over 
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ANALYSIS  OF  DEFICIENCIES  IN  ROUTINE  DRIVING 
SKILLS  Accidents  precipitated  by  driver  error  in 
performing  a routine  part  of  the  driving  task  ac- 
counted for  11.7%  of  all  accidents  occurring 
during  1952  and  1953.  Driver  errors  included 
in  this  category  are  those  primarily  concerned 
with  the  manipulation  of  the  vehicle,  i.e.,  errors 
which  can  be  attributed  to  deficiencies  in  per- 
ceptual— motor  skills  such  as  hand-eye  coordi- 
nation in  negotiating  a curve,  smoothness  of 
braking  and  so  on.  Not  included  in  this  category 
are  driver  errors  which  are  primarily  a matter  of 
violation  of  safe  or  legal  procedures  such  as  fol- 
lowing too  closely,  failing  to  give  hand  signals, 
etc.  These  latter  violations  require  no  special 
manipulative  motor  skill  but  rather  entail  mere 
observance  on  the  part  of  the  driver.  Typical 
driver  statements  for  this  category  include; 

a.  “I  was  going  around  the  curve  and  I 
guess  I cut  my  wheels  too  sharply  and 
I ran  off  the  road.” 

b.  “I  started  to  pass  this  car  ahead  and  got 
over  too  far  and  ran  into  the  medial 
strip.  I lost  control  of  the  car  and  ended 
up  against  the  guard  rail.” 

c.  “I  wanted  to  get  off  at  Irwin  Inter- 
change so  I hit  my  brakes  hard  to  slow 
down  and  skidded  off  the  icy  road.” 

Drivers  in  this  category  have  less  driving 
experience  than  do  drivers  of  vehicles  involved 
in  other  types  of  accidents.  It  should  be  noted, 
however,  that  a large  number  of  drivers  involved 
in  this  type  of  accident  have  compiled  10  or 
more  years  and  more  than  100,000  vehicle 
miles  driving  experience.  These  figures  indicate 
that  driving  experience  is  not  necessarily  an  index 
of  driving  ability.  Poor  driving  habits  reinforced 
by  long  years  of  practice  do  not  become  better. 
While  driver  training  and  driver  selection  pro- 
cedures have  made  advances  in  recent  years,  it 
is  still  quite  possible  for  drivers  to  be  licensed 
who  are  not  proficient  behind  the  wheel.  The  be- 


haviors precipitating  accidents  are,  for  the  most 
part,  not  evaluated  in  any  driver  licensing  test! 
It  is  not  surprising  to  find  drivers  e.xhibiting  de- 
ficiencies. 

When  for  example,  is  a driver  tested  for  his 
ability  to  handle  a car  on  ice?  When  is  he  tested 
for  his  ability  to  drive  at  higher  ( legally  per- 
mitted) speeds  in  the  trafiic  density  usually 
found  under  these  conditions?  When  is  his  judg- 
ment of  distance  tested  under  these  conditions? 
When  is  his  ability  to  negotiate  curves  qualita- 
tively appraised  for  smoothness  and  coordina- 
tion of  turn,  particularly  at  speeds  or  on  road 
conditions  where  jerky  motions  could  precipitate 
a skid  or  lead  to  driver  panic?  And  so  on  through 
a whole  range  of  behaviors  required  in  routine 
driving  situations. 

In  Pennsylvania,  for  example,  and  about 
40%  of  the  Turnpike  accidents  involve  Penn- 
sylvania drivers,  it  is  possible  to  obtain  a license 
by  demonstrating  proficiency  on  a special  closed 
course  on  which  other  traffic  is  never  once  en- 
countered! Speeds  on  this  course  usually  do  not 
exceed  thirty  miles  per  hour,  but,  within  a matter 
of  minutes  after  demonstrating  proficiency  in  this 
artificial  setting,  a newly  licensed  driver  can 
legally  attempt  to  negotiate  congested  city  travel 
or  drive  at  high  speeds  on  state  highways  or  on 
the  Turnpike. 

While  the  human  errors  apparent  in  Turn- 
pike accidents  should  be  of  concern  a selection 
procedure  which  permits  such  errors  is  of  no 
less  importance.  Not  only  is  a realistic  analysis 
of  the  requirements  of  the  driving  task  necessary 
but  the  possible  differences  between  knowing 
verbally  what  to  do  in  a situation  and  whether  or 
not  a driver  can  do  it  must  be  accounted  for. 

The  following  pages  expands  these  views 
more  fully.  In  the  left  hand  column  are  condi- 
tions which  lead  up  to  accidents  of  this  type;  in 
in  the  right  hand  column  are  the  conditions 
which  precipitate,  or  "trigger."  the  accident. 
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To  outline  this  analysis: 

ANTECEDENT 

A.  Environmental  Factors 

1.  Factors  related  to  difficulty  of  driv- 
ing task: 

a.  Road  conditions 
( 1 ) Wet 

(2)  Icy  or  snowy  (Sanded,  un- 
sanded ) 

( 3 ) Icy  or  snowy  spots  ( Sanded, 
unsanded ) 

b.  Weather  conditions 
( 1 ) Raining 

(2)  Snowing 

(3)  Hailing 

c.  Visibility  conditions 
( 1 ) Day  or  night 

d.  Road  conditions 
( 1 ) Straight 

(2)  Curved  (superelevation) 

e.  Other  traffic 

( 1 ) Density 
( 2 ) Speed 

6.  Vehicular  Factors 

1.  Factors  related  to  difficulty  of  driv- 
ing task 

a.  Vehicle  type  (car,  truck,  etc.) 

( 1 ) Ease  of  handling 

(2)  Stability 

b.  Vehicle  condition 

C.  Human  Factors 

1.  Decisions 

a.  ( Failure  to)  exhibit  proper  com- 
bination of  brake,  steering  and 
gas  manipulation  for  smooth,  co- 
ordinated vehicle  operation 

b.  (Failure  to)  practice  proper 
SOP*  for  situation 


PRECIPITATING 


1 . Decisions 

a.  Choose  best  escape  route 
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ANTECEDENT 

PRECIPITATING 

2. 

Discriminations 

2. 

Discriminations 

a. 

(Failure  to)  detect  potentially 

a.  Recognition  of  hazardous  situa- 

hazardous  situations 
( 1 ) Environmental  cues 

tion 

(a)  Road,  light,  weather 

conditions 

(b)  Traffic  density 

(2)  Vehicular  cues 

(a)  Proneness  to  skids 

(b)  Rapidity  of  accelera- 

tion,  deceleration 

(3)  Human  cues 

(a)  Possible  results  of  an 

action  (based  on 
knowledge  of  situa- 
tion and  related  ex- 
perience ) 

3. 

Motor  Responses 

3. 

Motor  Responses 

a. 

(Failure  to)  practice  motor  re- 

a.  (Failure  to)  respond  properly  or 

sponses  related  to  smooth  coor- 

adequately 

dinated  operation  of  vehicle  and 

( 1 ) Turn  wrong  way  in  skid 

implementation  of  proper  SOP* 

(2)  Over  control 

(scanning  techniques,  hand  sig- 

( 3 ) Apply  brakes  hard  in  skid 

nals,  etc.) 

or  on  slick  pavement 

(4)  “Freeze”  on  controls 

(5)  Accelerate  too  rapidly 

(6)  “Tangential”  (abrupt. 

4. 

Motivation 

jerky ) steering 

a. 

Overestimate  driving  ability 

4. 

Motivation 

b. 

Underestimate  dangers  of  situa- 
tion 

a.  Panic 

c. 

Assume  other  traffic  will  follow 
SOP*  and  exhibit  “good”  ability 

d. 

Tendency  to  not  project  conse- 
quence of  actions  into  future 

5. 

Habits 

5. 

Habits 

6. 

Physiological 

a.  Slam  on  brakes  when  in  danger 

a. 

Sensory-motor  coordination 

'■'Safe  Opel 

ating  Procedm 

es 
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ANALYSIS  OF  fifilSPERCEPTION  Accidents  attrib- 
uted to  visual  causes  accounted  for  8.2%  of  the 
total  accidents  in  the  1952-1953  period.  These 
accidents  were  of  three  major  types;  those  due 
to  misjudgment  of  rate  of  closure,  those  result- 
ing from  the  driver's  failure  to  compensate  for 
reduced  visibility  ( fog,  sun  glare,  etc. ) and  those 
resulting  from  the  driver's  failing  to  understand 
what  he  saw.  These  will  be  considered  separately 
below. 

1.  Distance  and  Rate  of  Closure. 

These  accidents  were  precipitated  by  driver 
failure  in  estimating  the  distance  and/or  speed 
of  the  vehicle  ahead.  Typical  driver  statements 
include; 

a.  “I  wanted  to  pass  the  truck  ahead  of  me 
and,  as  I got  close,  I started  to  cut 
around  him.  I didn’t  realize  I was  so 
close  and  just  nicked  the  left  hand 
corner  of  his  trailer.” 

b.  “I  wanted  to  park  and  let  my  motor 
cool  so  1 pulled  in  behind  this  truck 
already  parked  on  the  berm.  1 must 
have  misjudged  the  distance  because 
before  I knew  it  I had  slid  right  into  his 
rear  end.” 

Drivers  quickly  become  adapted  to  higher 
speeds  and  tend  to  forget  the  rate  at  which  they're 
traveling.  When  the  occasion  to  pass  another 
vehicle  arises  the  driver  quite  likely  starts  his 
turnout  at  a distance  comparable  to  that  utilized 
at  lower  speeds.  He  feels  he  has  enough  room 
to  clear  the  preceding  vehicle  but  his  judgment 


of  relative  speeds  has  been  distorted.  As  the  pre- 
ceding vehicle  is  approached  it  serves  as  a cue 
for  the  judgment  of  speed  of  closure;  the  closer 
this  vehicle  is,  the  more  easily  and  accurately  is 
this  judgment  made.  In  the  accidents  in  this 
category,  however,  the  judgment  was  not  ac- 
curately made  until  too  late  to  avoid  a collision. 

Approaching  a toll  booth,  entering  a gas 
station,  or  parking  along  the  berm  all  involve 
similar  processes.  Drivers  misjudge  their  stop- 
ping distance  and  the  speed  at  which  they  are 
traveling  as  a function  of  two  factors;  ( 1 ) “nega- 
tive adaptation”  to  speed  and  (2)  the  absence 
of  “cues-in-close-proximity”  by  which  to  judge 
their  speed. 

The  nature  of  the  process  (es)  termed 
“negative  adaptation”  to  speed  is  not  clearly  de- 
fined by  current  knowledge.  Fruitful  research 
could  be  performed  in  this  area  since  the  effects 
of  erroneous  judgment  of  distance,  speed  and 
rates  of  closure  are  not  necessarily  limited  to  this 
class  of  accidents  alone.  For  example,  in  those 
accidents  grouped  in  “Deficiencies  in  Routine 
Driving  Skills”,  this  phenomenon  could  be  in- 
volved in  those  accidents  in  which  a passing 
driver  goes  into  the  medial  strip.  It  is  possible 
these  drivers  misjudged  the  distance  of  the  pre- 
ceding vehicle  and  were  forced  to  swing  out 
sharply  to  the  left,  thus  entering  the  medial.  This 
phenomenon  could  also  be  involved  in  that 
group  of  accidents  in  “Illegal  and  Unsafe  Ac- 
tions” in  which  drivers  pull  out  in  front  of  pass- 
ing vehicles  after  having  misjudged  the  speed  or 
rate  of  closure  of  the  vehicle  passing  them. 


To  outline  this  analysis; 

ANTECEDENT  PRECIPITATING 

A.  Environmental  Factors 

1.  Factors  related  to  higher  speeds; 

a.  Ideal  weather,  road  conditions 

b.  Roadway  engineered  for  high 
speed  travel 
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ANTECEDENT 


PRECIPITATING 


2.  Factors  related  to  the  absence  of 
cues: 

( 1 ) Wide  pavement 

(2)  Wide  berm 

(3)  Absence  of  fences,  homes,  etc. 
close  to  roadway 

B.  Vehicular  Factors 

1 . Factors  related  to  high  speeds: 

a.  Vehicle  design 

( 1 ) High  horsepower 

(2)  Vehicle  comfort 

(3)  Ease  of  handling 

2.  Factors  related  to  absence  of  cues: 

a.  Smooth  ride 

b.  Low  engine  noise  (body  insula- 
tion, etc.) 

C.  Human  Factors 

1.  Decisions  1.  Decisions 

a.  (Failure  to)  travel  at  accustomed  a.  Pass  vehicle  ahead 


speeds 


b.  Stop  for  exit,  gas  station,  etc. 

c.  Best  possible  escape  route 


2.  Discriminations 


2.  Discriminations 

a.  Collision  inevitable 


a.  Speedometer  indicates  high 
speed 


3.  Motor  responses 


3.  Motor  responses 

a.  Brake,  gas,  steering  coordination 


a.  Routine  brake,  gas,  steering 
manipulation 


involved  in  escape  route 


4.  Motivation 

a.  Test  limits  of  environment 

b.  Overestimate  ability 

c.  Underestimate  hazards 


4.  Motivation 

a.  Avoid  collision 


5.  Physiological 

a.  Negative  adaptation  to  speed 


2.  Reduced  Visibility 


As  would  be  expected  from  the  title,  acci- 
dents in  this  category  were  precipitated  when 
vision  became  obscured.  Typical  driver  state- 
ments for  this  category  include: 


a.  “A  car  which  was  passing  me  threw 
slush  on  my  windshield  and  I couldn't 
see  a thing.  Before  I knew  what  had 
happened  I had  run  off  the  road  into 
the  guard  rail”. 
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b.  "The  fog  was  very  heavy  and  I slowed 
down.  I must  have  run  off  the  road  and 
then  1 hit  the  bank”. 

c.  “I  was  blinded  by  headlights  coming 
the  other  way  while  trying  to  pass  the 
car  ahead  of  me.  I hit  the  car  I was 
passing”. 

Human  factors  contributing  to  this  class  of 
accidents  are  similar  to  those  involved  in  “Am- 
biguity of  Cues”.  In  both  cases  the  violation  of 
safe  procedures  contributed  to  setting  up  a po- 
tentially dangerous  situation.  Maintaining  proper 
vehicle  spacing  would  have  helped  decrease  the 
likelihood  of  an  accident  even  after  vision  be- 
came obscured.  This  is  not  to  say,  of  course,  that 
all  accidents  would  have  been  eliminated  by 
these  procedures. 

In  both  cases  lack  of  knowledge  and  pro- 
jecting the  consequences  of  actions  into  the  fu- 


ture are  involved.  Probably  most  drivers  know 
it  takes  time  to  become  adjusted  to  changes  in 
illumination  (as  when  entering  a dark  tunnel 
after  travel  on  a sunlit  highway.)  Drivers  may 
not  know,  however,  the  distance  they  travel  at 
different  speeds  while  this  adaptation  is  taking 
place. 

A similar  observation,  in  a different  area, 
involves  the  knowledge  of  the  effect  of  using 
windshield  wipers  on  a slush-splattered  wind- 
shield. In  some  cases  vision  is  less  impaired 
through  the  splattered  windshield  than  it  is  after 
hasty  wiper  action  has  smeared  the  slush  into 
an  opaque  film. 

In  summary,  the  contribution  of  human 
factors  for  this  category  consists  essentially  in 
the  violation  of  safe  procedures  through  poor 
attitudes  or  ignorance  of  proper  procedures. 


To  outline  this  analysis: 

ANTECEDENT 

PRECIPITATING 

A.  Environmental  Factors 

1.  Factors  contributing  to  reduced  vis- 

ibility: 

a.  Wet,  slush,  dust  or  mud 

b.  Low  setting  sun 

c.  Heavy  rain,  snow,  hail,  fog 

d.  Opposing  headlights 

e.  Other  traffic 

f.  Decreased  illumination  in  tunnels 

B.  Vehicular  Factors 

1.  Factors  related  to  poor  visibility: 

a.  Inefficient  windshield  wipers 

b.  Tendency  for  windshield  to 
steam  up  when  not  ventilated 

c.  Headlights 

C.  Human  Factors 

1 . Decisions 

1 . Decisions 

a.  Obey  SOP 

a.  Best  escape  route 
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ANTECEDENT 

PRECIPITATING 

2.  Discriminations 

2 

Discriminations 

a.  Potential  hazards  (combinations 

a.  Ambiguous  or  hazy  visual  dis- 

of  A,  B,  and  C ) 

play 

3.  Motor  Responses 

3. 

Motor  Responses 

a.  Brake,  gas,  steering  manipula- 

a.  Brake,  steering,  gas  coordination 

tion 

in  following  escape  route 

4.  Motivation 

4. 

Motivation 

a.  Test  limits  of  environment 

b.  Overestimate  ability 

c.  Failure  to  project  consequences 
of  actions  into  future 

a.  Stop  when  in  danger 

5.  Habits 

5. 

Habits 

a.  Slam  on  brakes  when  in  danger 

6.  Physiological 

6. 

Physiological 
a.  Dark  adaptation 

3.  Ambiguity  of  Cues 

These  accidents  were  precipitated  by  drivers 
becoming  confused  by  what  they  saw.  Typical 
driver  statements  include; 

a.  “I  pulled  behind  a lighted  trailer  think- 
ing he  was  on  the  road  traffic  lane. 
When  I discovered  he  was  parked,  it 
was  too  late  to  miss  him”. 

b.  “1  became  confused  by  the  service  sta- 
tion lights  and  the  entrance  ramp  to 
the  station.  I cut  to  the  left  off  the  road 
because  of  what  I thought  was  a parked 
trailer”. 

Drivers  probably  contribute  to  their  dif- 
ficulty in  seeing  by  utilizing  poor  scanning  pro- 
cedures, e.g.,  using  the  tail  lights  of  vehicles 
ahead  as  direction  cues  rather  than  continual 
scanning  of  both  road  edges  and  the  painted 
white  lines  separating  lanes. 

Violation  of  other  procedures  is  probably 
involved  in  this  category  also.  If,  for  example, 
drivers  maintained  safe  distances  between  their 
own  and  preceding  vehicles,  they  would  enjoy  a 


proportionate  increase  in  the  time  available  to 
interpret  their  environment  correctly.  Similarly, 
lower  speeds  in  those  environmental  settings 
conducive  to  ambiguity  ( night  travel  in  rainy 
weather  when  opposing  traffic  is  heavy,  for  ex- 
ample) would  result  in  an  increased  period  of 
time  in  which  to  “see”  the  situation  correctly. 
Violation  of  these  procedures  is  probably  re- 
lated to  driver  failure  in  predicting  future  poten- 
tial hazards  of  present  behavior,  i.e.,  the  same 
tendency  to  expect  continuance  of  the  status  quo 
mentioned  in  previous  categories.  Lack  of 
knowledge  concerning  potential  dangers  is  prob- 
ably of  importance  here  also,  since  we  usually 
feel  secure  in  our  faith  that  what  we  can  “see” 
we  can  understand. 

In  summary,  the  human  factor  for  this  class 
of  accidents  consists  primarily  of  the  violation  of 
safe  procedures.  These  violations  range  from 
faulty  scanning  habits  to  traveling  at  speeds  too 
fast  for  conditions  at  the  moment,  and  are  most 
probably  related  to  poor  attitudes  or  a lack  of 
knowledge  on  the  part  of  the  driver. 
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To  outline  this  analysis: 

ANTECEDENT 

PRECIPITATING 

A. 

Environmental  Factors 

1.  Factors  related  to  poor  visibility: 

1.  A combination  of  factors  listed  at 

a.  Inclement  weather  (rain,  fog, 
etc. ) 

b.  Night 

c.  Wet  or  glazed  road  surface 

d.  Abrupt  changes  in  illumination 

( 1 ) Tunnels  as  compared  to 
main  roadway 

(2)  Lighted  areas  as  compared 
to  unlighted 

( 3 ) Opposing  headlights 

left 

B. 

Vehicular  Factors 

1.  Factors  related  to  poor  visibility: 
a.  Vehicle  condition 

( 1 ) Windshield  wipers 

(2)  Headlights 

C. 

Human  Factors 

1.  Decisions 

1.  Decisions 

a.  Travel  at  safe  speed  for  condition 

a.  Best  escape  route 

2.  Discriminations 

2.  Discriminations 

a.  Potentially  hazardous  combina- 
tion of  factors  listed  previously 
(glare,  etc.) 

a.  Ambiguous  visual  display 

3.  Motor  responses 

3.  Motor  responses 

a.  Combination  of  brake,  gas,  steer- 

a.  Responses  involved  in  following 

ing  manipulations  necessary  in 

escape  route  (brake,  steering. 

routine  driving 

gas  coordination) 

4.  Motivation 

4.  Motivation 

a.  Test  limits  of  environment 

b.  Overestimate  ability 

c.  (Failure  to)  project  conse- 
quences of  actions  now  into  fu- 
ture. 

a.  Stop  when  in  danger 

5.  Habits 

5.  Habits 

a.  Slam  on  brakes  when  in  danger 

6.  Physiological 

6.  Physiological 

a.  Dark  adaptation 

a.  Failure  to  adapt  quickly  enough 
to  abrupt  changes  in  intensity  of 
illumination 
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ANALYSIS  OF  FAILURE  TO  AVOID  OBJECTS  IN  ROAD 

Accidents  involving  objects  in  the  road  (rocks, 
deer,  dogs,  etc.!  accounted  for  3.6%  of  all  ac- 
cidents on  the  Turnpike  in  the  period  studied. 
Driver’s  statements  typical  for  this  category  are: 

a.  ‘T  was  driving  along  when  all  of  a sud- 
den a deer  darted  in  front  of  me”. 

b.  “All  of  a sudden  a rock  fell  on  the  road 
in  front  of  me”. 

c.  “All  at  once  I came  on  this  rock  lying 
right  in  the  middle  of  the  road”. 

It  is  doubtful  if  there  is  much  a driver  can 
do  when  confronted  by  an  object  suddenly  ap- 
pearing in  his  road  path  if  he  has  not  anticipated 
this  possibility  beforehand  and  adjusted  his  driv- 
ing behavior  accordingly.  Perhaps  quick  evasive 
action  could  decrease  the  number  of  accidents 
in  this  category. 

Probably  much  more  pertinent  for  this  class 
of  accidents  is  the  tendency  on  the  part  of  drivers 
to  override  their  headlights.  This  is  easily  ac- 


complished in  modern  cars  on  a super  highway 
such  as  the  Turnpike.  Ignoring  the  warning  in 
the  form  of  signs  announcing  the  likelihood  of 
rocks  or  animals  in  the  area,  this  tendency  would 
be  completely  uninhibited.  When  opposing  traf- 
fic requires  neadlights  to  be  on  low  beam  the 
situation  is  increasingly  hazardous. 

Drivers  are  also  handicapped  at  night  in 
that  the  side  of  the  road  is  not  illuminated  and 
scanning  of  this  sector  is  not  facilitated.  Fore- 
warning of  the  approach  of  an  animal  is  not  pos- 
sible in  this  situation  to  any  great  extent. 

Probably  the  most  concise  summary  of  the 
human  factor  for  this  class  of  accidents  consists 
of  the  statement  that  accidents  here  are  the  re- 
sult of  a failure  on  the  part  of  the  driver  to  see 
an  object  in  time  to  avoid  hitting  it.  Sometime 
this  failure  is  the  result  of  a driver  not  allowing 
for  this  contingency  (by  such  actions  as  over- 
riding headlights) ; other  times  the  event  is  clear- 
ly unavoidable,  regardless  of  the  vigilance  of 
the  driver.  The  degree  of  importance  to  attach 
to  each  is  not  ascertainable  at  this  time. 


To  outline  this  analysis: 

ANTECEDENT 

A.  Environmental  Factors 

1.  Wooded  areas  where  deer  and  other 
animals  would  be  expected 

2.  Farm  areas  where  dogs,  would  be 
expected 

3.  Cliff -like  terrain  where  rocks,  dirt 
slides,  etc.,  would  be  expected 

4.  Symbolic 

(a)  “Fallen  Rock  Zone” 

(b)  “Caution — Slides” 

(c)  “Animals”  (Deer) 

5.  Breaks  in  fences,  height  of  fences. 

B.  Vehicular  Factors 

1.  Speedometer  — speed  indicated  is 
incompatible  with  distance  illumi- 
nated by  headlights  (night)  overrid- 
ing headlights  at  these  times 

(Continued 


PRECIPITATING 

1.  Sudden  appearance  of  object  on 
road 


Page  66) 


65 


ANTECEDENT 

PRECIPITATING 

2.  Headlights  on  “low  beam” 

3.  Vehicle  weight  — less  damage  to 
truck 

C.  Human  Factors 

1.  Discriminations 

1. 

Discriminations 

(a)  Speedometer  reading  (See  Bl) 

(a)  Object  in  road 

(b)  Red  light  indicating  “high 

(b)  Stopping  distance  inadequate 

beams”  on  or  off  (night  time) 

(c)  Symbolic  environment 

(d)  Natural  environment  whose  na- 
ture indicates  possibility  of 
rocks,  animals,  etc. 

2.  Decisions 

2. 

Decisions 

(a)  (Failure  to)  adjust  driving 

(a)  Best  possible  (weight  of  vehi- 

speed  and  scanning  techniques 

cle)  escape  route  (if  other  ve- 

in  light  of  knowledge  that  an 

hides  are  present  in  passing 

object  may  “suddenly”  appear 

lane  or  along  berm,  a collision 

on  road  (Season  of  year,  ter- 

course  with  the  object  may  be 

rain  of  area,  etc.) 

the  “best”  course  for  those  con- 
ditions 

(b)  Use  high  beams  whenever  traf- 

(b)  Extreme  use  of  brakes 

fic  conditions  permit 

3.  Motor  Responses 

3. 

Motor  Responses 

(a)  Adjust  speed  by  pressure  on 

(a)  Extreme  pressure  on  brake 

accelerator 

pedal 

(b)  Manipulate  headlight  beam 

(b)  Manipulate  steering  to  travel 

switch 

“best”  possible  course 

4.  Motivation 

4. 

Motivation 

(a)  Test  limits  of  system  (over- 

(a)  Avoid  (immediate)  direct  dan- 

ride  headlights,  etc.  ) 

ger  even  though  alternate  may 

(b)  Overestimation  of  ability  to 

be  potentially  more  dangerous 

cope  with  emergencies 

e.g.  ■ — avoid  a deer  by  going 
into  and  across  medial  strip 
even  when  opposing  traffic  is 
present 

5.  Habits 

5. 

Habits 

6.  Physiological 

(a)  Slam  on  brakes  when  in  danger 

(a)  Reaction  time 
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ANALYSIS  OF  INTOXICATION  This  category  con- 
sists of  those  accidents  precipitated  by  drunken 
driving.  These  represent  1.2%  of  the  total. 

The  primary  factor  in  this  area,  of  course, 
is  the  effect  of  alcohol  on  the  physiological  proc- 
esses of  drivers.  Lengthened  reaction  times, 
blurred  vision,  decreased  perceptual-motor  co- 
ordination, and  so  on,  are  well  known  compan- 
ions of  intoxication.  Equally  well  known  is  the 
fallacious  assumption  by  many  drivers  that  their 
ability  is  not  critically  impaired  by  alcoholic  ex- 
cesses. These  individuals  feel  they  are  always 
capable  “of  making  it  home  all  right.”  The  facts 
are  that  37  of  them  did  not  “make  it”  during 
1952-1953. 

FURTHER  ANALYSES  OF  THE  HUMAN  FACTOR  IN  AC- 
CIDENTS Since  most  persons’  familiarity  with 
highway  accidents  is  limited  to  newspaper  ac- 
counts of  the  number  killed  or  injured  annually, 
an  attitude  of  anonymity  is  built  up  toward  ac- 
cident victims.  Persons  tend  to  lose  sight  of  the 
fact  that  accidents  are  caused  by,  and  involve, 
other  human  beings.  In  the  previous  section  we 
have  reviewed  the  ways  in  which  persons  involve 
themselves  in  Turnpike  accidents.  The  present 
section  will  be  directed  toward  describing  the 
types  of  people  who  experienced  accidents  on 
the  Pennsylvania  Turnpike. 

In  carrying  out  the  following  analysis,  busi- 
ness machine  cards  were  punched  for  each  driver 
who  was  judged  to  be  primarily  responsible  for 
causing  an  accident.  Each  card  contained  such 
information  as:  the  police  accident  report  num- 
ber, the  causal  factor  (coded  according  to  the 
classification  of  causal  factors  previously  listed 
in  this  section),  the  age  and  sex  of  the  driver,  the 
state  of  registration  of  the  vehicle,  etc.  By  com- 
paring tallies  of  the  frequencies  of  each  of  these 
items  with  the  frequencies  that  would  normally 
be  expected,  one  can  determine  whether  impor- 
tant relationships  exist.  For  example,  if  ten  per 
cent  of  the  Turnpike  patrons  are  women  it  would 
normally  be  expected  that  they  would  account 
for  only  ten  per  cent  of  the  accidents  in  any  cat- 
egory of  the  classification.  If  they  should  account 


for  substantially  more  than  their  expected  share 
of  accidents  in  any  given  category  it  could  be 
surmised  that  they  are  more  “prone"  to  have  this 
type  of  accident. 

Unfortunately,  it  is  extremely  difficult  and 
costly  to  get  representative  “base-line”  (vehicle 
miles  driven)  data  for  many  of  these  categories. 
To  get  a representative  sample  indicating  the 
proportion  of  women  drivers,  for  example,  it 
would  be  necessary  to  consider  that  women  prob- 
ably drive  the  Turnpike  more  frequently: 

( a)  During  the  day  than  at  night 

(b)  During  the  summer  than  the  winter 

(c)  On  weekends  than  week  days,  and 

(d)  On  some  parts  of  the  Turnpike  than 
on  others 

To  get  base-line  it  would  be  necessary, 
therefore,  to  take  periodic  counts  throughout 
the  year  and  at  various  points  on  the  highway. 

A second  procedure  which  can  be  profit- 
ably employed  is  to  compare  the  frequency  of 
accident  involvement  under  certain  conditions 
with  the  frequency  of  involvement  under  all 
other  conditions.  Following  this  procedure  with 
the  example  cited  above,  it  might  be  discovered 
that  women  drivers  caused  ten  per  cent  of  all 
accidents  but  only  five  per  cent  of  those  acci- 
dents classified  under  Illegal  and  Unsafe  Actions. 
In  this  manner,  relationships  can  be  found  which 
will  direct  future  investigations  away  from  un- 
productive research  into  channels  that  may  be 
expected  to  pay  dividends  in  terms  of  accident 
reduction. 

For  economy  of  time,  and  because  of  the 
tremendous  difference  in  cost,  the  second  method 
of  analysis  was  adopted  for  the  present  behav- 
ioral study.  It  is  interesting  to  note,  in  the  data 
presented  below,  how  this  procedure  brings  out 
significant  relationships  between  driver  behav- 
iors and  other  accident  characteristics. 

1.  Passenger  car  and  truck  drivers 

During  1952  and  1953  passenger  car 
drivers  were  responsible  for  causing  75.3%  of 
all  the  accidents  studied.  But  they  were  respon- 
sible for  91%  of  the  accidents  classified  under 
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Failure  to  Cope  With  Road  Conditions  and  9 1 % 
of  the  accidents  classified  under  Failure  to 
Avoid  Objects  in  Road.  They  were  also  respon- 
sible for  87%  of  the  accidents  listed  under  De- 
ficiencies in  Routine  Driving  Skills.  On  the  other 
hand,  truck  drivers,  who  were  responsible  for 
24.7%  of  all  accidents  classified,  accounted  for 
35%  of  the  accidents  classified  under  Illegal 
and  Unsafe  Actions  and  46%  of  accidents  at- 
tributed primarily  to  Vehicular  Failure.  See 
Table  II-2. 


47.6%  of  all  trucks  involved  in  accidents  were 
involved  in  accidents  of  this  type. 

The  question,  then,  is  just  what  did  the 
drivers  do,  or  fail  to  do,  that  resulted  in  such  a 
high  proportion  of  rear-end  collisions.  It  should 
be  pointed  out  that  any  accident-precipitating  be- 
havior could,  depending  on  the  circumstances, 
result  in  a rear-end  collision.  Not  all  behaviors, 
however,  had  equal  rate  in  rear-end  collision  ac- 
cidents. Certain  behaviors  on  the  part  of  drivers 
resulted  in  a higher  number  of  rear-end  accidents 


TABLE  11-2 

Per  Cent  of  Passenger  Car  and  Truck  Drivers  Responsible  for  Accidents 
Classified  According  to  Precipitating  Factor** 

Percentages 

Number  of  Passenger 

Truck 

Factor 

Accidents 

Car  Drivers 

)rivers 

Total 

Failure  to  Cope  With  Road  Conditions 

686 

91 

9 

100 

Illegal  and  Unsafe  Actions 

671 

65 

35 

100 

Vehicle  Failure 

430 

54 

46 

100 

Asleep  

412 

75 

25 

100 

Deficiencies  in  Routine  Driving  Skills 

365 

87 

13 

100 

Misperception  

257 

73 

27 

100 

Inattentiveness 

124 

74 

26 

100 

Failure  to  Avoid  Objects  in  Road 

114 

91 

9 

100 

Miscellaneous*  

59 

81 

19 

100 

* Includes  Intoxication  and  Miscellaneous 

^'^Contingency  tables  containing  raw  data  will  be  found  in 
and  III. 

the  appendices  for 

each  table  presented  in 

Chapters  II 

Because  differences  listed  above  were  sig- 
nificant, the  further  analyses  presented  below  will 
consider  separately  the  driver  behaviors  of  these 
groups. 

2.  How  Vehicle  Was  Involved 

Rear-end  collisions  are  the  largest  single 
type  of  accident.  Approximately  30%  of  all  ac- 
cidents caused  by  passenger  car  drivers  and 
approximately  42%  of  all  accidents  caused  by 
truck  drivers  resulted  in  rear-end  collisions.  In 
addition,  37.5%  of  all  passenger  cars  and 


than  would  normally  be  expected  on  the  basis  of 
comparison  with  other  driver  behaviors.  These 
are  presented  in  Table  II-3  together  with  other 
precipitating  factors  which  were  responsible  for 
more  than  their  “share”  of  other  types  of  vehicle 
involvement. 

Rear-end  type  collisions,  for  example,  occur 
proportionately  more  often  because  of  Asleep, 
Misperception  and  Illegal  and  Unsafe  Actions. 
Conditions  conducive  to  a driver  falling  asleep 
are  discussed  in  the  behavioral  section  of  this 
chapter. 
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Illegal  and  Unsafe  Actions  is  seen  to  be  one 
of  the  major  behavioral  categories.  A number  of 
these  actions  tie  in  with  the  significantly  high 
number  of  passenger  cars  involved  in  rear-end 
collisions,  e.g.,  cutting  in  too  quickly  after  pass- 
ing, pulling  out  in  front  of  a passing  vehicle, 
slowing  down  suddenly,  stopping  on  the  high- 
way, failing  to  set  brakes  while  parked,  and  fol- 
lowing too  closely,  are  some  of  the  actions  which 
contributed  to  the  high  frequency  of  rear-end 
collisions. 


berm  at  high  speed  and  losing  control,  failure 
to  set  brakes  properly  while  parking,  and  failure 
to  check  to  rear  before  backing  up. 

Sideswiping  accidents  were  found  to  be  the 
result  of  such  actions  as;  pulling  out  in  front  of 
passing  vehicle,  passing  vehicle  on  the  right  side, 
attempting  to  pass  in  “no-passing”  zones,  cutting 
in  too  quickly  after  passing,  drifting  over  the 
center  line,  and  making  U-turns. 

The  behavioral  category  Failure  to  Cope 
with  Road  Conditions  is  related  to  Running  Off 


TABLE  l!-3 

Significant  Relationships  Between  Various  Driver  Behaviors 

And  How  Vehicle  Was  Involved 

How  Vehicle  Was  Involved 

Passenger  Cars 

Trucks 

Rear-end  Collisions 

Asleep;  Illegal  and  Unsafe  Actions; 
Misperception 

Asleep;  Misperception 

Stopped,  Stopping  and 
Parked 

Illegal  and  Unsafe  Actions 

Illegal  and  Unsafe  Actions 

Medial  Strip 

Failure  to  Cope  With  Road  Condi- 
tions 

Collisions  With  Objects 
Other  Than  Vehicles 

Failure  to  Avoid  Objects  in  Road 

Vehicle  Failures 

Overturning 

Vehicle  Failures;  Deficiencies  in 
Routine  Driving  Skills 

Vehicle  Failures 

Fire  Only 

Vehicle  Failures 

Vehicle  Failures 

Running  Off  Roadway 

Failure  to  Cope  With  Road  Condi- 
tions; Deficiencies  in  Routine  Driv- 
ing Skills 

Vehicle  Failures 

Sideswiping 

Illegal  and  Unsafe  Actions 

Illegal  and  Unsafe  Actions 

Accidents  involving  vehicles  which  are 
Stopped,  Stopping,  or  Parked  are  disproportion- 
ately high  for  the  Illegal  and  Unsafe  Action  be- 
havior category  for  both  passenger  cars  and 
trucks.  Accidents  involving  vehicles  Stopped, 
Stopping,  and  Parked  were  the  result  of  such 
actions  as  stopping  on  the  highway,  entering  the 


Roadway  accidents  for  passenger  cars.  In  addi- 
tion, however.  Running  Off  Roadway  accidents 
are  also  seen  to  be  related  to  Deficiencies  in 
Routine  Driving  Skills.  The  act  of  slamming  on 
brakes  on  icy  highway,  and  running  off  the  road 
on  to  the  berm  and  losing  control  play  a part 
in  these  accidents. 
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Truck  Running  Off  Roadway  accidents,  on 
the  other  hand,  were  found  to  be  related  to  Vehi- 
cle Failures.  One  possible  reason  for  this  is  that 
trucks  travel  the  slow  lane  of  traffic  the  majority 
of  the  time. 

Both  passenger  car  and  truck  Overturning, 
and  Fire  Only  accidents  are  highly  related  to 
particular  Vehicle  Failures.  In  addition,  how- 
ever, passenger  car  Overturning  accidents  are 
also  disproportionately  high  in  the  Deficiencies 
in  Routine  Driving  Skills  category. 

In  summary,  it  can  be  seen  that  the  various 
types  of  accidents  are  related  to  the  various  be- 
havioral actions  on  the  part  of  drivers.  Probably 
the  most  noteworthy  finding  in  this  area  is  that 
concerned  with  the  high  number  of  Rear-end  col- 
lisions. These  accidents,  representing  a large  pro- 
portion of  the  total  accidents,  are  significantly 
related  to  the  passenger  car  driver  falling  asleep, 
misjudging  the  rate  of  closure,  and  committing 
illegal  and  unsafe  actions. 

3.  Weekend  Drivers 

Passenger  car  involvement  in  accidents  are 
most  frequent  on  Saturday  and  Sunday.  These 
two  days  account  for  approximately  42%  of  the 
total  passenger  car  involvement.  Truck  involve- 
ment, on  the  other  hand,  reveals  a much  more 
constant  pattern  than  does  passenger  car  involve- 
ment. 

A look  at  the  significant  relationships  found 
between  day-of-week  accident  involvement  and 


driver  behavior  reveals  that  a very  real  difference 
may  exist  between  weekend  and  week-day  driv- 
ers, depending  on  the  difficulty  of  the  driving 
conditions. 

As  is  indicated  in  Table  II-4,  week-end 
drivers  are  involved  in  a disproportionately  high 
number  of  accidents  as  a result  of  the  driver’s 
inability  to  handle  adverse  roadway  conditions. 

A possible  explanation  for  the  significantly 
high  number  of  passenger  car  “Vehicle  Failure” 
on  Wednesday  and  truck  “Vehicle  Failure”  on 
Friday  is  not  apparent. 

The  relatively  high  number  of  passenger  car 
intoxication  accidents  on  Friday  is  probably  due 
to  larger  numbers  of  drinking  drivers  on  the  road 
on  that  day. 

In  summary,  week-end  drivers  are  appar- 
ently less  capable  of  c?oping  with  adverse  road- 
way conditions.  This  fact  is  further  magnified 
when  it  is  realized  that  week-end  drivers  have 
some  degree  of  choice  over  the  weather  and  road- 
way conditions  in  which  they  choose  to  drive. 
Most  pleasure  driving  is  done  during  favorable 
weather  conditions. 

4.  Women  Drivers 

An  analysis,  similar  to  those  described 
above,  was  carried  out  for  male  and  female  pas- 
senger car  drivers.  It  was  found  that  the  women 
driver  falls  asleep  at  the  wheel  significantly  less 
frequently  than  would  be  expected.  Although 
women  drivers  account  for  17%  of  the  passen- 


Day  of  Week 

Sunday 

Wednesday 

Friday 

Saturday 


TABLE  11-4 

Significant  Relationships  Between  Various  Driver  Behaviors 
And  Day  of  Week  Accidents 

Passenger  Cars  Trucks 

Failure  to  Cope  with  Road  Conditions  Failure  to  Cope  with  Road  Conditions 
Vehicle  Failures 

Intoxication  Vehicle  Failures 

Failure  to  Cope  with  Road  Conditions 
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ger  car  accidents,  they  account  for  less  than  8% 
of  Asleep  accidents.  On  the  other  hand,  they 
cause  31%  of  the  accidents  attributed  to  Defi- 
ciencies in  Routine  Driving  Skills. 

5.  Youthful  Drivers 

As  was  mentioned  above,  it  was  not  con- 
sidered feasible  to  attempt  to  determine  the 
proportion  of  drivers  in  various  age  groups  who 
comprise  the  Turnpike  population.  But  by  com- 
paring the  frequencies  with  which  drivers  in  the 
various  age  groups  experience  different  kinds  of 
accidents  it  is  possible  to  discover  important  re- 
lationships, if  they  exist. 

With  respect  to  passenger  car  drivers  in  the 
16-25  year  age  group  (who  account  for  38.5% 
of  passenger  car  accidents),  it  was  found  that 
they  cause  58%  of  the  Falling  Asleep  accidents. 
Drivers  46  years  of  age  and  older  are  involved 
in  significantly  few  accidents  of  this  type. 

On  the  other  hand,  drivers  56  years  and 
older  are  involved  in  more  accidents  attributed 
to  Deficiencies  in  Routine  Driving  Skills  than 
would  be  expected  by  chance. 

Among  truck  drivers,  no  differences  were 
found  among  the  various  age  groups  with  respect 
to  type  of  accident. 

6.  Out-of-State  drivers 

No  differences  were  noted  among  local  and 
out-of-state  truck  drivers  with  respect  to  .their 
frequency  of  involvement  in  accidents  of  various 
types.  Among  passenger  car  operators,  a slight 
but  significant  tendency  was  noted  for  Pennsyl- 
vania drivers  to  be  involved  in  fewer  accidents 
attributable  to  Failure  to  Cope  With  Road  Con- 
ditions. One  explanation  might  be  that  the  local 
driver  has  the  option  to  stay  at  home  during 
inclement  weather. 

During  the  period  October  1-15,  1952,  the 
Pennsylvania  Turnpike  commission  made  a tally 
of  the  state  of  registration  of  all  vehicles  using 
the  Turnpike  facilities.  Although  the  resulting 
figures  are  for  only  a limited  portion  of  the  year 


they  may  serve  as  a first  approximation  of  the 
proportion  of  state  representation  throughout  the 
year. 

It  was  found  that  63.6%  of  the  vehicles 
using  the  Turnpike  during  this  period  were  of 
Pennsylvania  registration.  Yet  only  37.6%  of 
the  drivers  causing  accidents  during  1952-1953 
were  driving  vehicles  registered  in  Pennsylvania. 

On  the  strength  of  this  finding,  two  fur- 
ther analyses  were  carried  out  to  discover  wheth- 
er drivers  from  various  states  actually  differed 
with  respect  to  the  types  of  accidents  in  which 
they  were  involved. 

The  first  analysis  consisted  of  correlating 
the  number  of  accidents  experienced  by  drivers 
from  various  states  during  1952-1953  with  the 
frequency  with  which  these  states  were  repre- 
sented on  the  highway  during  the  two-week  pe- 
riod selected  for  “Base-line”.  These  proportions 
are  presented  in  Table  II-5.  A rank-order  cor- 
relation of  .992  was  obtained,  indicating  a nearly 
perfect  relationship  between  exposure  and  acci- 
dent involvement.  It  would  seem  that  no  state 
can  justifiably  lay  claim  to  having  the  “best” 
drivers. 

It  is  interesting  to  note  in  consideration  of 
in-state  and  out-of-state  drivers  that  despite  the 
various  driving  experiences  common  to  the  dif- 
ferent states,  accident  involvement  on  the  Turn- 
pike was  directly  proportional  to  exposure.  As 
could  be  expected  the  highest  percentage  of  acci- 
dents were  accounted  for  by  the  high  population 
states  or  those  states  adjacent  to  Pennsylvania. 

The  Turnpike  is  populated  by  drivers  from 
all  of  the  48  states;  drivers  who  are  exposed  to 
a wide  variety  of  driving  environments,  who  in 
some  instances  operate  under  differing  traffic 
laws,  who  generally  travel  on  roads,  in  some 
cases  similar,  but  most  often  unrelated  to  Turn- 
pike travel.  The  surprising  fact,  relative  to  driv- 
ers from  the  various  states,  is  that  this  ostensibly 
heterogeneous  group  displays  a high  degree  of 
homogeneity  of  behavior  in  so  far  as  accident 
involvement  on  the  Turnpike  is  concerned. 
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TABLE 

11-5 

Relationships  Between  Per  Cent  of  Vehicles  from  the  Various  States 

(N  474,  376)  and  Per  Cent  of  Accidents  Sustained  (N-  3086)* 

state 

% of  Veh. 

% of  a-c. 

State 

% of  Veh. 

% of  Acc. 

Pennsylvania  . 

63.60 

31.60 

Arkansas  

.03 

.30 

Ohio 

11.00 

16.20 

Georgia  

.20 

.30 

New  York.  . . . 

3.70 

7.40 

Kansas 

.10 

.20 

Michigan  . . . . 

3.20 

7.30 

South  Carolina 

.10 

.20 

New  Jersey.  . . 

3.80 

6.40 

Tennessee 

.10 

.20 

Illinois 

2.20 

3.90 

Nebraska  

.10 

.20 

Indiana  

1.80 

3.00 

Colorado  

.10 

.20 

Maryland  . . . . 

1.80 

2.90 

Oklahoma  

.10 

.20 

Virginia 

1.10 

1.80 

Washington  

.10 

.20 

West  Virginia  . 

50 

1.20 

North  Dakota 

.02 

.10 

California  . . . . 

60 

1.10 

Maine 

.10 

.10 

Florida 

50 

.90 

New  Mexico 

.05 

.10 

Massachusetts  . 

60 

.80 

Montana  

.03 

.10 

Connecticut  . . 

50 

.80 

Nevada  

.02 

.10 

North  Carolina 

30 

.80 

Oregon 

.04 

.10 

Delaware  . . . . 

50 

.70 

Vermont 

.04 

.10 

District  of  Columbia 40 

.70 

Arizona  

.05 

.00 

Missouri 

40 

.60 

Idaho  

.03 

.00 

Texas 

30 

.60 

Louisiana 

.10 

.00 

Minnesota  . . . 

30 

.60 

Mississippi  

.04 

.00 

Iowa 

20 

.60 

South  Dakota 

.02 

.00 

Alabama  . . . . 

20 

.50 

Utah 

.02 

.00 

Wisconsin  .... 

40 

.50 

Wyoming 

.03 

.00 

Rhode  Island . . 

20 

.40 

New  Hampshire 

.05 

.00 

Total 

99.67 

100.00 

*rho=992. 

The  second  analysis  consisted  of  comparing 
the  frequencies  of  accidents  in  each  of  the  be- 
havior categories  for  the  drivers  from  the  nine 
states  accounting  for  most  accidents  during  the 


two  year  period  studied.  These  data  appear  in 
Table  II-6.  No  differences  were  noted.  The  out- 
of-state  driver  is  no  better,  and  no  worse,  than 
his  Pennsylvania  counterpart. 
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TABLE  11-6 

Comparison  of  Types  of  Accidents  Experienced  by  Drivers 
From  Nine  States  (Passenger  Cars  and  Trucks) 


Penna. 

N.  Y. 

N.  J. 

Ohio 

Mith. 

III. 

Ind 

Md, 

Va. 

Total 

Vehicle  Failures 

163 

30 

28 

52 

42 

19 

9 

15 

8 

366 

Failure  to  Avoid  Objects  in 

Road  

51 

8 

5 

19 

6 

6 

2 

6 

0 

103 

Failure  to  Cope  With  Road 
Conditions 

223 

61 

45 

123 

45 

20 

17 

19 

21 

574 

Inattentiveness 

200 

31 

35 

99 

41 

19 

15 

15 

10 

465 

Deficiencies  in  Routine 
Driving  Skills 

132 

30 

23 

62 

24 

13 

11 

10 

3 

308 

Illegal  and  Unsafe  Actions 

257 

46 

35 

100 

46 

31 

30 

17 

8 

570 

Misperception 

103 

19 

26 

33 

17 

10 

9 

5 

5 

227 

Miscellaneous* 

30 

3 

1 

11 

3 

2 

1 

1 

0 

52 

Total 

1159 

228 

198 

499 

224 

120 

94 

88 

55 

2665 

^•‘Includes  Intoxication  and  Miscellaneous. 


7.  Occupational  Analysis 

In  an  earlier  section,  the  anonymity  of  acci- 
dent statistics  was  mentioned.  Nowhere,  perhaps, 
is  this  more  clearly  exemplified  than  in  a survey 
of  the  occupations  of  the  drivers  causing  acci- 
dents. In  the  face  of  widespread  publicity  it  is 
difficult  to  realize  that  truck  drivers  are  not  the 
only  persons  who  experience  mishaps  on  the 
Turnpike. 

A tally  was  made  of  occupations  repre- 
sented by  drivers  who  caused  accidents  during 
1953.  The  139  various  occupations  are  pre- 
sented on  page  74. 


For  purposes  of  further  analysis,  the  occu- 
pations are  classified  under  more  general  head- 
ings, e.g.,  “Transportation”  covers  truck  drivers, 
cab  drivers,  bus  drivers,  professional  auto  driv- 
ers, etc. 

The  state  police  accident  reports  generally 
listed  as  “Vehicle  1”  the  vehicle  which  did  the 
striking.  It  was  believed  that  a rough  indication 
of  driver  competence  within  the  occupational 
groups  might  be  expressed  as  the  ratio  between 
the  number  of  “strikers”  and  the  number  of 
“struck”.  This  information  is  presented  in  Table 
II-7,  page  75. 
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OCCUPATIONS  OF  DRIVERS  CAUSING  ACCIDENTS 

1953 


accountant 

alderman 

architect 

army  employee 

artist 

assembler 

assemblyman 

bank  teller 
barber 
bartender 
•bookkeeper 
brakeman 
bricklayer 
brush  maker 
builder 
bus  driver 
business  agent 
business  man 
buyer 

cab  driver 
cabinet  worker 
car  dealer 
caretaker 
carpenter 
chauffeur 
chemist 
clerk 

collection  manager 
construction  worker 
cook 

crane  operator 

dentist 

designer 

dietician 

doctor 

dog  trainer 

domestic 


doorman 
driver:  auto  sales 
dry  cleaner 

electrician 

engineer 

entertainer 

farmer 

federal  employee 
foreman 
foundry  worker 
freight  agent 
fruit  grower 
fruit  peddler 
furnace  worker 

gas  station  attendant 
general  manager 
grocer 

G.S.A.  employee 

hair  dresser 
horse  trainer 
hospital  attendant 
hostess 
housekeeper 
housewife 

inspector 

insurance  adjustor 
insurance  agent 
investments  adjustor 

janitor 

journalist 

laborer 

landscaper 


laundry-worker 
lawyer 
librarian 
lineman 
linoleum  dealer 

machinist 

mailman 

maintenance  man 
mechanic 
medical  technician 
merchant 
meter  reader 
mill  worker 
miner 
minister 
motor  vehicle 
inspector 
musician 

nurse 

office  manager 
office  worker 
paper  maker 
patent  attorney 
photographer 
pipehtter 
plumber 
policeman 
postal  clerk 
presser 
priest 
principal 

public  health  educator 
rabbi 

radar  technician 
research  worker 


restaurant  proprietor 
retired 

salesman 

sales  manager 

secretary 

serviceman 

service  station  owner 

service  woman 

shipyard  rigger 

shoemaker 

showman 

soda  jerk 

steamfitter 

steel  worker 

store  manager 

store  operator 

store  owner 

student 

supervisor 

surveyor 

teacher 
telegrapher 
telephone  supervisor 
tinsmith 
toll  collector 
tool  designer 
truck  driver 
typewriter  repairman 

unemployed 
union  organizer 
union  representative 
U.  S.  consul  general 

waitress 

warehouseman 

welder 
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TABLE  11-7 

Ratio  of  Striking  Vehicles  to  Vehicles  Struck  for  Various  Occupational  Groups  of  Drivers 

(1953  Data) 

No.  of  Times  No.  of  Times 

Occupational  Group  Hit  Others  Were  Hit  Ratio 

Transportation 

303 

483 

0.63 

Managerial 

53 

43 

1.23 

Religion 

9 

7 

1.29 

Farming 

12 

9 

1.33 

Unskilled  Labor 

172 

106 

1.62 

Professional  Services 

19 

11 

1.73 

Sales 

99 

50 

1.98 

Clerical 

66 

33 

2.00 

Politics 

2 

1 

2.00 

Professions 

53 

25 

2.12 

Education 

80 

36 

2.22 

Military  

159 

67 

2.37 

Skilled  and  Semi-Skilled  Trades.  . . . 

210 

88 

2.39 

Housewives  

92 

31 

2.97 

Unemployed 

17 

5 

3.40 

Unknown 

52 

12 

4.33 

Entertainment 

12 

2 

6.00 

Retired 

30 

5 

6.00 

A Chi-Square  analysis  of  the  material  in 
Table  II-7  revealed  significant  cell  contingencies 
for  Transportation,  Military,  Housewives,  Skilled 
and  Semi-Skilled  Tradesman,  and  Retired  per- 
sons. In  other  words,  transportation  employees 
(mainly  truck  drivers)  are  hit  by  other  occupa- 
tional groups  significantly  more  often  than  they 
hit.  The  other  four  occupational  groups  listed 
above  run  into  other  vehicles  far  more  frequently 
than  they  themselves  are  hit. 

The  accident  report  numbers  describing  ac- 


cidents experienced  by  each  of  the  above  five 
groups  were  recorded.  Tallies  were  then  made  of 
the  factor  which  was  primarily  responsible  for 
each  group's  accidents.  This  was  done  to  dis- 
cover the  kinds  of  accidents  which  are  typical  for 
each  group,  i.e.,  what  kinds  of  behaviors  appear 
most  frequently  for  the  “Hitters"  and  “Those 
Hit"  which  can  offer  some  explanation  for  this 
difference.  The  results  of  this  analysis  are  pre- 
sented in  Table  II-8. 
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TABLE  11-8 

Comparison  of  Various  Occupational  Groups  According  to  Frequency  of  Casual  Behaviors 

(1953  Data) 

Casual  Factor 

Occupational  Group 

Total 

Transp. 

Military  Housewives 

Retired 

Skilled 

Trades 

Vehiele  Failure 

. 102 

26 

9 

3 

29 

169 

Failure  to  Cope  With  Road  Conditions. 

34 

64 

23 

6 

36 

163 

Inattentiveness 

83 

83 

12 

1 

34 

213 

Deficencies  in  Routine  Driving  Skills . . 

23 

20 

30 

4 

22 

99 

Illegal  and  Unsafe  Actions 

. 107 

38 

11 

7 

37 

200 

Misperception 

32 

16 

3 

3 

20 

74 

Intoxication 

8 

5 

1 

2 

5 

21 

Total 

. 389 

252 

89 

26 

183 

939 

As  can  be  seen  from  Table  II-8,  Transpor- 
tation workers  are  more  likely  to  be  involved  in 
Vehicle  Failure  accidents  and  those  caused  by 
Illegal  and  Unsafe  Actions.  They  are  infrequent- 
ly involved  in  aecidents  attributable  to  Failure 
to  Cope  with  Road  Conditions  or  Deficiencies  in 
Routine  Driving  Skills. 

Military  personnel  aceount  for  a signifieant- 
ly  high  number  of  Asleep  accidents  and  aecidents 
due  to  Failure  to  Cope  with  Road  Conditions. 
They  are  least  likely  to  be  involved  in  Vehicle 
Failure  aceidents  or  in  accidents  due  to  Illegal 
and  Unsafe  Actions. 

Housewives  are  most  frequently  involved  in 
accidents  caused  by  Defieieneies  in  Routine  Driv- 
ing Skills  and  Failure  to  Cope  with  Road  Condi- 
tions. They  are  rarely  involved  as  a result  of  Ille- 
gal and  Unsafe  Actions,  Inattentiveness,  or  Vehi- 
cle Failures. 

There  is  a slight  indication  that  Retired  per- 
sons are  least  likely  to  be  involved  in  aecidents 
due  to  Inattentiveness.  Skilled  Tradesman  ac- 
count for  a slightly  higher  number  of  Mispereep- 
tion  accidents  than  would  be  expeeted  by  chance. 


It  is,  perhaps,  significant  to  note  that  serv- 
ieemen  and  truck  drivers  account  for  56%  of 
all  Asleep  accidents.  Each  of  these  groups  can  be 
expected  to  be  driving  for  extended  periods  of 
time  with  insufficient  rest;  the  truek  driver  in 
performance  of  his  job  and  the  serviceman  at- 
tempting to  make  the  most  of  his  leave  time. 
Thus,  the  aeeidents  caused  by  falling  asleep  may 
be  attributed  to  physical  exhaustion  rather  than 
the  familiar  whipping  boy — the  as  yet  undemon- 
strated “highway  hypnosis”. 

8.  Speed 

As  was  previously  mentioned  in  the  present 
report,  speeds  at  which  vehicles  were  traveling 
at  the  time  of  the  accident  were  obtained  from 
driver  statements,  statements  of  disinterested  wit- 
nesses, and  estimates  made  by  the  investigating 
officer.  The  officers’  estimates  were  based  on 
physical  evidence,  such  as  the  amount  of  dam- 
age, length  of  skid  marks,  etc.  As  can  be  seen, 
there  is  opportunity  for  error  to  creep  into  the 
speed  figures.  It  may  safely  be  assumed  that  there 
is  a slight  “shading”  of  estimated  speed  toward 
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the  lower  speed  ranges.  This  underestimation,  it 
it  exists,  is  likely  to  be  fairly  consistent,  however, 
so  there  is  ample  justification  for  relating  such 
estimates  to  driver  behaviors.  Since  the  tendency 
is  consistent,  relationships  will  still  be  disclosed. 

An  analysis  of  passenger  car  and  truck 
driver  behaviors  by  Estimated  Initial  Speed  re- 
veals two  general  areas  of  relationships.  There 
seems  to  be  a pattern  of  “higher  speed”  and 
“lower  speed”  accidents.  As  may  be  seen  in  Table 
11-9,  passenger  cars  in  the  high  speed  ranges 
are  involved  in  significantly  more  accidents  than 
would  be  expected  by  chance  in  the  categories 
of  Failure  to  Avoid  Objects  in  Road,  Asleep, 
Attending  Other  Tasks,  and  Deficiencies  in  Rou- 
tine Driving  Skills.  Trucks  in  the  higher  speed 
ranges  (above  41  mph)  also  experience  signifi- 
cantly more  involvements  in  the  categories  of 
Asleep,  and  Attending  Other  Tasks  as  well  as 
accidents  due  to  Misperception. 

Passenger  car  involvements  in  the  lower 
speed  ranges  are  concerned  predominantly  with 
Failure  to  Cope  with  Road  Conditions,  and  Ille- 
gal and  Unsafe  Actions.  Truck  accidents  in  this 
speed  range  are  concerned  with  the  same  cate- 
gories, as  well  as  a slight  tendency  to  be  dispro- 
portionately high  for  Deficiencies  in  Routine 
Driving  Skills. 


It  should  be  emphasized,  at  this  point,  that 
the  driver  behaviors  found  in  both  the  “high 
speed”  and  “low  speed”  categories  occur  and 
lead  to  accidents  in  all  speeds.  The  significant 
differences  mentioned  above  mean  that  an  er- 
roneous action  at  high  speed  is  more  likely  to 
lead  to  an  accident  than  the  same  error  at  low 
speed,  because  of  the  difference  in  time  available 
for  recovery. 

9.  Number  of  Vehicles  Involved 

One  further  analysis  might  be  mentioned 
which  casts  light  upon  the  effect,  in  terms  of 
accident  severity,  of  the  various  casual  factors. 

For  the  various  categories  of  casual  factors, 
a tally  was  made  of  the  number  of  vehicles  in- 
volved in  each  accident.  These  frequencies  were 
then  compared  with  the  numbers  of  one-vehicle, 
two-vehicle,  and  three-or-more-vehicle  accidents 
which  occurred  during  the  two  year  period  for 
which  behaviors  were  studied.  A substantial  num- 
ber of  significant  relationships  were  discovered. 

a.  Passenger  cars.  The  following  factors 
generally  led  to  single-vehicle  accidents:  Vehi- 
cle Failure,  Failure  to  Avoid  Objects  in  Road, 
Failure  to  Cope  with  Road  Condtions,  and  De- 
ficiencies in  Routine  Driving  Skills.  A dispropor- 
tionate number  of  two-vehicle  accidents  were 


TABLE  11-9 

Significant  Relationships  Between  Estimated  Speed  and  Various  Casual  Factors 


Vehitle 

Factor  Passenger  Cars  Trucks 

Vehicle  Failure ....  . . . . 

Failure  to  Avoid  Objects  in  Road 51-70+  . . . . 

Failure  to  Cope  With  Road  Conditions 2i-40  11-30 

Asleep  51-70+  41-60 

Attending  Other  Tasks 51-60  41-50 

Deficiencies  in  Routine  Driving  Skills 41-50  1-10 

Illegal  and  Unsafe  Actions 0-20  0-10 

Misperception ....  41-50 

Intoxication  71+  .... 
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caused  by  Asleep  or  by  Misperceptions  (mis- 
judgment  of  rate  of  closure,  primarily).  The  Ille- 
gal and  Unsafe  Actions  category  resulted  in  a 
disproportionate  number  of  two-vehicle  and 
three-or-more-vehicle  accidents. 

b.  Trucks.  Essentially  the  same  relation- 
ships found  for  passenger  cars  were  found  for 
trucks.  Vehicle  Failures  accounted  for  a dispro- 
portionate number  of  single  vehicle  accidents. 
Rarely  were  other  vehicles  involved  when  a truck 
broke  down.  On  the  other  hand.  Asleep,  Mis- 
perception, and  Illegal  and  Unsafe  Actions  re- 
sulted in  a disproportionate  number  of  two- 
vehicle  accidents. 

10.  Near  Accident  Interviews: 

A “near  accident”  study  was  made  involv- 
ing several  hundred  patrons  of  the  turnpike. 
These  patrons  were  asked  to  describe  occur- 
rences on  the  turnpike  which  they  witnessed  and 
which  almost  led  to  an  accident.  The  factors  pre- 
cipitating these  near  accidents  were  classified 
and  compared  with  the  categories  of  accident  re- 
port statements.  A rank-order  correlation  of  .85 
(corrected  for  ties  in  ranks)  was  obtained  be- 
tween the  two. 


These  interviews  yielded  information  which 
was  relatively  free  from  bias,  since  the  threat 
of  possible  legal  actions  was  absent  and  inter- 
viewees remained  anonymous.  The  high  degree 
of  correspondence  to  data  taken  from  accident 
reports  serves  as  further  evidence  of  the  accu- 
racy of  State  Police  accident  investigations. 
Qualitative  data  gathered  during  the  course  of 
these  interviews  aided  the  interpretation  of  quan- 
titative accident  data. 

CONCLUSIONS  A summary  and  classification  of 
Turnpike  accident  reports  has  revealed  that  driv- 
ers exhibit  a wide  variety  of  behaviors  in  becom- 
ing involved  in  accidents.  For  most  accidents  the 
drivers  themselves,  by  their  own  statements,  are 
to  blame. 

Analysis  conducted  to  relate  these  behav- 
iors to  additional  driver  and  accident  variables 
indicate  a high  degree  of  logical  consistency  in 
the  classification  of  casual  factors.  It  is  believed 
that  they  may,  therefore,  be  used  with  confidence 
as  one  of  the  important  dimensions  of  Turnpike 
accident  causation.  Their  relationship  with  im- 
portant weather,  light,  and  road  conditions  will 
be  discussed  in  the  subsequent  chapter. 
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CHAPTER  III 


ENVIRONMENTAL  FACTORS  RELATEO 
TO  TURNPIKE  ACCIDENTS 


INTRODUCTION  A combination  of  one  of  the  world's  most  modern  highways,  a clear  dry  day,  moderate 
traffic  density,  and  a relatively  fixed  traffic  pattern  seems  the  most  unlikely  setting  for  an  accident  situa- 
tion. However,  not  only  do  accidents  occur  under  such  circumstances,  the  greatest  single  percentage  of 
all  accidents  occurred  under  these  conditions.  Accidents  also  occurred  under  environmental  conditions 
which  demanded  the  utmost  in  driver  skill  along  with  those  that  occurred  under  “ideal"  conditions  in 
which  the  minimum  acceptable  skill  should  have  met  the  requisites  of  safe  driving. 

This  section  of  the  overall  causal  analysis,  deals  with  the  part  played  by  environmental  conditions 
in  the  complex  accident  picture.  Environment  as  it  is  dealt  with  in  this  report  refers  to  the  various  road- 
way surface  conditions,  (dry,  wet,  snow,  etc.)  the  type  of  road  course  (straight,  curved,  up,  down,  etc.) 
and  the  visibility  factors  of  weather  and  light  conditions. 

While  basic  accident  cause  can  rarely  be  attributed  primarily  to  these  environmental  conditions, 
their  weight  in  modifying  driver  task  and  behavior,  their  effect  on  the  various  types  of  drivers,  their  effect 
on  the  vehicle,  and  their  relationships  to  the  types  of  accidents  must  be  considered  in  any  complete 
accident  causation  analysis. 


PROCEDURE  The  four  major  environmental  con- 
ditions (light,  weather,  roadway  conditions  and 
roadway  element)  are  treated  in  this  section  of 
the  report  from  the  standpoint  of  vehicle  involve- 
ment frequency,  vehicle  involvement  rate,  and 
areas  of  significant  relationship  with  not  only  the 
driver  behavior  and  vehicular  accident  precipi- 
tating factors,  but  with  the  other  accident  factors 
such  as  age,  sex,  type  of  accident,  etc.  It  should 
be  pointed  out  that  most  data  in  this  section  of 
the  report  refer  to  vehicle  involvement  on  the 
main  line  portion  of  the  highway  from  1941- 

1952,  and  do  not  include  involvements  which 
occurred  in  the  gas  stations  themselves,  entrance 
or  exit  ramps,  etc.  The  tables  and  discussion  rele- 
vant to  the  relationships  found  between  the  en- 
vironmental conditions  and  specific  precipitating 
factors,  however,  covers  accidents  which  oc- 
curred on  all  Turnpike  property  during  1952- 

1953.  While  the  1953  data  was  not  yet  com- 


pleted when  the  overall  figures  were  computed, 
consistency  in  data  from  year  to  year  indicates 
that  the  inclusion  of  1953  would  not  have 
changed  the  patterns  presented  in  this  section. 

By  frequency  of  vehicle  involvement  is 
meant  the  actual  number  of  vehicles  which  were 
involved  in  acciJents  under  a given  set  of  condi- 
tions. The  vehicle  involvement  frequency  is,  in 
other  words,  the  overall  accident  picture  from 
the  standpoint  of  actual  numbers  of  vehicles  in- 
volved. Vehicle  involvement  frequency,  there- 
fore, is  one  measure  of  the  overall  severity  of  the 
accident  situation  under  a given  set  of  condi- 
tions. The  frequency  figures  can  be  viewed,  then, 
as  the  gross  end  result  of  the  interplay  of  human 
behavior,  environmental  conditions,  and  vehicle 
mile  exposure. 

Vehicle  involvement  rate,  on  the  other 
hand,  takes  into  consideration  both  the  number 
of  vehicles  involved  in  accidents  and  the  number 
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of  vehicle  miles  driven  under  each  of  the  environ- 
mental conditions.  The  rate  figures  thus  provide 
an  objective  evaluation  of  the  difliculty  of  the 
driving  task  for  any  given  set  of  conditions.  Thus 
comparison  of  driving  task  difficulty  for  different 
conditions  is  possible. 

Areas  of  significant  relationships  refer  to  sta- 
tistically significant  relationships  found  between: 
( 1 ) environmental  conditions  and  specific  pre- 
cipitation factors  ( 2 ) combinations  of  environ- 
mental conditions.  In  both  cases  “significant  re- 
lationship” means  that  the  frequency  of  vehicle 
involvement  was  found  to  be  higher  or  lower 
than  would  normally  be  expected  on  the  basis  of 
chance. 

The  isolation  of  significant  relationships 
serves  to  point  out  the  effect  of  environmental 
conditions  on  the  vehicle  and  driver  behavior  as 
well  as  those  factors  which  contribute  dispropor- 
tionately to  the  accident  frequency  and  rate  un- 
der the  various  driving  conditions.  In  addition, 
the  significant  relationships  will  serve  as  an  in- 
valuable background  for  future  remedial  re- 
search. The  Chi-Square  formula,  which  utilizes 
the  marginal  distribution  of  the  data,  was  used 
for  determining  areas  of  significance. 

It  is  important  to  point  oui,  in  relation  to 
these  deviations,  that  lack  of  significant  relation- 
ship does  not  indicate  that  the  driver  behaviors 
were  unimportant.  Rather,  the  lack  of  a signifi- 
cant relationship  is  indicative  of  approximately 
equal  importance  of  each  of  the  behavioral  cate- 
gories. Even  in  those  cases  where  significant  re- 
lationships were  found  between  two  factors,  the 
remaining  factors  cannot  be  negated.  For  ex- 
ample; it  will  be  pointed  out  that  while  curved 


down  truck  accidents  were  significantly  related 
to  truck  driver  failure  to  cope  with  road  condi- 
tions, other  behavioral  factors  also  resulted  in 
accidents  on  curved  down  roadway. 

The  overall  scope  and  general  nature  of  the 
entire  study  was  covered  in  Chapter  I.  The  basic 
aim  of  this  comprehensive  study  has,  unfortu- 
nately, necessitated  the  restriction  of  hypotheses 
in  many  cases.  This  was  particularly  important 
in  the  following  section  where  prime  considera- 
tion had  to  be  given  to  complete  coverage  of  the 
environmental  factors  at  the  expense  of  tracing 
each  possible  hypothesis  to  its  resolution.  It  will 
become  apparent  in  reading  this  section  that  the 
integration  of  the  environmental  factors  with  the 
driver  and  vehicle  precipitating  behavior  along 
with  the  important  environmental  relationships 
discovered  pose  many  interesting  hypotheses.  In 
many  cases  resolution  of  these  hypotheses  will  be 
apparent  to  the  reader,  others  however,  indicate 
the  need  for  further,  more  restricted  research. 
The  inferred  hypotheses  set  up  through  the  anal- 
ysis and  integration  of  the  data  should,  however, 
serve  as  guideposts  and  lead  to  fruitful  further 
remedial  research. 

FREQUENCY  OF  RELATED  FACTORS  The  following 
accident  involvement  frequency  patterns  are  pre- 
sented primarily  as  a background  or  preface  to 
the  environmental  considerations.  Each  of  these 
factors  will  be  considered  under  each  of  the  four 
major  environmental  conditions,  highlighting 
not  only  the  relative  frequency  of  involvements, 
but  also  the  areas  of  significant  relationship  to 
the  environmental  conditions.  These  graphs 
cover  total  vehicle  involvement  in  accidents  on 
the  main  line  of  the  highway  from  1941-1952. 


80 


FIG.  ill-A 


FIG.  Ill-B 
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FIG.  Ill-C 


FIG.  Ill-D 
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FIG.  Ill-F 
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FIG.  Ill-G 
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FIG.  Ill-I 


FIG.  Ill-J 
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FIG.  Ill-L 
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FIG.  Ill-N 


FIG.  Ill-O 


PASSENGER  CAR  ACCIDENT  INVOLVEMENT 
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ANALYSIS  OF  LIGHT  CONDITIONS  The  major  role  of  light  conditions  in  the  accident  picture  is  their  effect 
on  driving  visibility.  Light  conditions,  however,  also  influence  traffic  density.  Daylight,  generally,  has 
higher  traffic  density  than  does  night  or  twilight. 


1.  Vehicle  Involvement  Frequency: 

More  vehicles  were  involved  in  accidents 
under  daylight  conditions  than  under  any  of  the 
other  light  categories.  Of  the  10,888  vehicles  in- 
volved in  accidents  during  the  12  years  under 
consideration  5,928  or  better  than  50%  were 
involved  under  daylight  conditions. 

2.  Vehicle  Involvement  Rate 

From  the  work  of  the  field  survey  team’s 
vehicle  traffic  counts  under  the  various  light  con- 
ditions, it  has  been  found  that  Turnpike  traffic 
distribution  during  1952  ran  approximately 
60%  daylight  and  40%  night  plus  dusk  and 


dawn.  The  application  of  these  percentages  to 
the  1952  vehicle  miles  traveled  data,  and  the 
1952  vehicle  involvement  data  has  resulted  in  a 
Night-Dusk  and  Dawn  vehicle  involvement  rate 
of  2.5  vehicles  per  million  vehicle  miles  traveled, 
and  a Daylight  rate  of  2.3  vehicles  involved  per 
million  vehicle  miles. 

It  is  seen  that  the  more  or  less  “ideal”  light 
condition  (Daylight)  has  only  a slightly  better 
vehicle  involvement  rate  overall  than  the  less 
ideal  light  conditions  of  Night-Dusk  and  Dawn. 
It  can  be  concluded,  therefore,  that  the  broad 
categories  of  day  vs.  night  have  little  effect  on 


FIGURE  lll-P 

Percent  of  Vehicle  Involvement  in  Accidents  by  Light  Conditions 
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the  rate  with  which  vehicles  are  involved  in  ac- 
cidents. 

3.  Light  Conditions  and  Driver  Behavior: 

While  vehicle  involvement  in  accidents  ap- 
pears to  be  fairly  proportional  to  exposure,  ( as 
indicated  by  the  vehicle  involvement  rates)  sig- 
nificant relationships  were  discovered  between 
the  different  light  conditions  and  various  other 
factors.  The  relationships  between  light  condi- 
tions and  driver  behaviors  are  pointed  out  in 
Table  Ill-l.  Here  it  can  be  seen  that  accidents 


Both  passenger  car  and  truck  Asleep  acci- 
dents were  higher  than  chance  expectancy  under 
conditions  of  Darkness  Highway  Unlighted.  The 
complexity  of  the  Asleep  category  is  readily  ap- 
parent. However,  it  is  to  be  expected  that  natural 
living  habits  cause  night  drivers  in  general  to  ex- 
perience fatigue  more  than  those  taking  on  the 
driving  task  during  the  daylight  hours.  These 
facts  coupled  with  poorer  visibility,  undoubtedly 
contribute  to  the  high  frequency  of  night  time 
Asleep  accidents. 


TABLE  Ill-l 

Behavioral  Areas  of  Higher  than  Expected  Accident  Frequency  by  Light  Conditions** 

(1952-1953  Data) 

Light  Conditions 

Passenger  Cars  Trucks 

Daylight 

Failure  to  Cope  With  Road  Conditions  — 

Darkness  Highway 

Unlighted 

Asleep  Asleep 

Failure  to  Avoid  Objects  in  Road 

Misperception 

Darkness  Highway 

Lighted 

Illegal  and  Unsafe  Actions  — • 

Misperception 

Contingency  tables  containing  raw 
II  and  III. 

data  will  be  found  in  the  appendices  for  each  table  presented  in  Chapters 

were  significantly  related  to  different  driver  be- 
haviors even  though  involvement  rates  were  ap- 
proximately equal. 

Passenger  car  driver  Failure  to  Cope  with 
Road  Conditions  is  seen  to  be  disproportion- 
ately high  under  Daylight  conditions.  Truck 
Daylight  accidents,  on  the  other  hand,  show  no 
relationship  to  specific  driver  behavior.  The  sig- 
nificant relationship  found  for  passenger  car 
drivers  is  attributable  to  a large  extent,  at  least, 
to  the  traffic  volume.  For  example,  driver  failure 
to  control  his  vehicle  on  a wet  or  icy  highway 
with  the  higher  daylight  traffic  volume  is  more 
likely  to  result  in  a collision  than  would  the 
same  failure  under  the  relatively  lighter  traffic 
volume  of  night  time. 


Passenger  car  driver  Failure  to  Avoid  Ob- 
jects in  Road  and  Misperception  were  also  dis- 
proportionately high  under  Darkness  Highw'ay 
Unlighted  conditions.  Both  of  these  behaviorial 
factors  are  primarily  a function  of  reduced  vis- 
ibility. While  an  object  in  the  path  of  a vehicle 
on  a high  speed  highw'ay  undoubtedly  comes  as 
a surprise,  the  surprise  effect  is  compounded  by 
the  poorer  visibility  conditions  of  night  time  driv- 
ing. The  failure  of  this  category  to  be  significant- 
ly high  for  trucks  may  be  accounted  for  by  the 
relative  heaviness  and  road  clearance  of  trucks 
as  compared  to  passenger  cars.  Trucks  may  en- 
counter as  many  objects  in  the  road  as  do  pas- 
senger cars;  however,  they  may  be  able  to  pass 
over  them  safely  and  due  to  their  w'eight  may  be 
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involved  in  proportionately  fewer  accidents.  For 
example,  the  striking  of  a box  or  tire  lying  in  the 
roadway  would  probably  be  less  disastrous  to  a 
large  truck  than  to  a passenger  car.  Perhaps  an- 
other plausible  reason  is  the  fact  that  the  truck 
drivers  travel  at  lower  speeds  and,  with  greater 
driving  skill  generally  are  better  able  to  handle 
their  vehicles  when  encountering  objects  in  the 
road. 

Similarly,  Misperception,  as  was  noted  in 
Chapter  II,  is  primarily  a function  of  a failure  on 
the  part  of  the  driver  in  judging  rate  of  closure 
(in  addition  to  deficiencies  in  visibility).  Truck 
Misperception  accidents,  however,  approximate 
chance  frequency  under  this  light  condition. 

Darkness  Highway  Lighted  (main  line  of 
highway  passing  gas  stations,  etc.)  truck  acci- 
dents revealed  no  relationship  to  the  various 
driver  behavior  categories.  Passenger  car  acci- 
dents resulting  from  Illegal  and  Unsafe  Actions 
and  Misperception  were  higher  than  expected 
under  this  light  condition. 

As  is  mentioned  elsewhere  in  this  report, 
the  light  condition  category  referred  to  above 
(Darkness  Highway  Lighted)  is  restricted  to  gas 
station  areas,  interchange  areas  and  tunnel  ap- 
proaches and  portals.  The  deviations  considered 
here,  are  likely  a function  of  “place”  rather  than 
light  condition. 

In  support  of  this  view  is  the  fact  that  the 
majority  of  all  gas  station  and  interchange  ac- 
cidents (regardless  of  light  conditions)  resulted 
from  Illegal  and  Unsafe  Actions.  It  is  reasonable 
to  believe  this  situation  is  aggravated  at  night  by 
the  poorer  visibility  and  light  contrasts. 

The  role  of  Misperception  in  Darkness 
Highway  Lighted  accidents  requires  further  re- 
search for  final  resolution.  However,  the  nature 
of  these  lighted  areas  does  account,  to  some  ex- 
tent, for  this  relationship.  The  more  complex 
and  more  dense  traffic  conditions  of  lighted  areas 
and  the  light  contrasts  generally  call  for  more 
“judgments”  or  “decisions”  on  the  part  of  drivers 
than  does  the  main  line  normal  roadway. 


4.  Further  Significant  Relationships: 

DAYLIGHT 

Daylight  represents  the  most  ideal  light 
condition  from  the  standpoint  of  visibility.  How- 
ever, as  has  been  mentioned,  light  conditions 
have  an  influence  on  other  elements  of  the  ac- 
cident picture.  One  important  elTect  of  light 
conditions  is  the  apparent  influence  on  exposure 
(vehicle  miles  driven).  Tests  indicate  that  day- 
time traffic  is  generally  50%  heavier  than  night 
time  traffic  on  the  Turnpike.  While  the  vehicle 
involvement  rates  of  day  vs.  night  are  approxi- 
mately the  same,  the  effect  of  added  daytime  ex- 
posure and  traffic  density  in  combination  with 
the  better  visibility  and  the  resultant  behavioral 
factors  (covered  in  Chapter  II)  give  significant 
daytime  relationships  as  discussed  below.  Al- 
though the  proportionalities  of  vehicle  miles 
driven,  behaviors,  etc.,  or  causes  of  these  rela- 
tionships are  not  always  discernible,  they  serve 
to  point  up  facets  of  future  remedial  research. 

The  following  table  points  up  the  important 
relationships  between  daylight  conditions  and 
each  of  the  related  accident  factors  in  the  same 
manner  as  Table  III-l  highlighted  the  relation- 
ships of  each  of  the  light  conditions  to  the  human 
or  vehicular  factors  which  precipitated  accidents. 
The  accident  factors  listed  in  the  left  hand  col- 
umn of  the  table  include  not  only  the  related  ac- 
cident factors,  previously  graphed  in  this  chap- 
ter, but  also  the  other  environmental  conditions 
found  to  be  related  to  daylight  accidents.  The 
areas  of  vehicle  involvement  which  were  higher 
or  lower  than  would  normally  be  expected  on 
the  basis  of  the  marginal  distribution  of  the  data 
are  presented  for  both  passenger  cars  and  trucks. 
The  table  thus  facilitates  the  comparison  of  pas- 
senger car  vs.  truck  involvements  as  well  as  the 
relationships  found  among  the  various  factors. 
This  same  basic  plan  will  be  followed  through- 
out the  environmental  analysis. 
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TABLE  III-2 


Significant  Relationships  Between  Daylight  Conditions  and  Various  Accident  Factors 

(1941-1952) 


Accident  Factors 

Passenger  Cars 

Trucks 

♦High 

Low 

High  Low 

How  Vehicle  Was  Involved 

Medial  Strip 

Parking,  Rear  End, 
Overturning 

Medial  Strip  Parking 

Running  Off 

Road 

Sideswiping 

Day  of  Week 

— 

Sunday 

— — 

Place  of  Occurrence 

Gas  Station 

— 

— — 

State  of  Registration 

Out  of  State 

— 

— — 

Sex  of  Driver 

Females 

— 

— — 

Age  of  Driver 

46  or  older 

16-25 

56  & over  26-35 

Estimated  Initial  Speed 

50-60  MPH 

0-MPH 

— - — - 

Roadway  Condition 

— 

Ice 

Snowy  — 

Roadway  Element 

Straight  Down 

Straight  UP 

— — 

*High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 


While  the  areas  of  lower  than  expected  fre- 
quency are  included  in  the  above  table  they  are 
presented  primarily  as  a point  of  interest,  major 
emphasis  being  placed  on  the  areas  of  significant- 
ly higher  frequency. 

How  Vehicle  Was  Involved:  Medial  strip 
involvements  were  disproportionately  high  for 
both  passenger  cars  and  trucks  during  Daylight. 
As  was  pointed  out  in  Chapter  II,  a significantly 
high  number  of  medial  strip  accidents  were  pre- 
cipitated by  the  driver’s  Failure  to  Cope  with 
Road  Conditions.  Traffic  density  likely  plays  a 
major  role  in  these  deviations.  A vehicle  which 
crosses  the  medial  strip  under  the  relatively 
heavier  traffic  conditions  of  daytime  driving  has 
more  chance  of  being  involved  in  a collision 
than  would  a vehicle  which  crosses  the  medial 
strip  during  the  relatively  lighter  traffic  condi- 
tions of  night  time  or  early  morning  hours. 

A disproportionately  high  number  of  trucks 
were  involved  in  running  off  roadway  and  side- 


swiping  accidents  during  Daylight.  Running  off 
roadway  accidents  are  basically  similar  to  medial 
strip  accidents  in  that  both  involve  the  vehicle 
leaving  the  main  road  course.  Sideswiping  ac- 
cidents, also  are  not  entirely  disassociated  from 
these  accidents.  Despite  the  similarity  in  the  na- 
ture of  the  accidents,  however,  they  were  pre- 
cipitated by  different  factors  in  a significantly 
high  number  of  cases.  Truck  running  off  road- 
way accidents  were  found  to  be  significantly 
high  as  a result  of  Vehicle  Failures  while  truck 
sideswiping  accidents  were  related  significantly 
to  Illegal  and  Unsafe  Actions.  Here  again,  the 
higher  traffic  volume  during  daylight  hours  plays 
an  important  role  in  these  significant  deviations. 

Place  of  Occurrence:  A significantly  high 
number  of  passenger  cars  were  involved  in  ac- 
cidents in  gas  station  areas  (main  line  accidents 
in  gas  station  areas)  during  Daylight  conditions. 
Gas  station  areas  represent  a unique  section  of 
highway  in  that  here  are  found  more  erratic 
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traffic  patterns  than  are  common  to  the  Turn- 
pike generally.  It  is  interesting  to  note  that  truck 
involvement  shows  no  relationship  to  place  of 
accident  occurrence  under  Daylight  conditions. 
As  in  the  other  cases,  the  increased  activity  in 
and  out  of  gas  stations  during  daylight  hours  is 
at  least  one  of  the  predominant  factors  in  this 
significance. 

State  of  Registration:  A disproportionately 
high  number  of  out-of-state  drivers  were  involved 
in  daytime  accidents.  While  base  line  (vehicle 
miles  driven ) data  relative  to  this  deviation  is  not 
available  at  the  present  time,  it  is  not  unlikely 
that  a disproportionate  percentage  of  out-of-state 
vehicles  were  on  the  road  during  the  daytime. 
This  assumption  is  fortified  to  some  extent  by 
the  lack  of  significant  behavorial  differences  be- 
tween out-of-state  vs.  in-state  drivers  (Chapter 
II ) indicating  that  this  deviation  is  attributable 
primarily  to  exposure. 

Sex  of  Driver:  A significantly  high  number 
of  women  were  involved  in  accidents  during 
Daylight  conditions.  General  field  observations 
of  the  Turnpike  indicate  that  a major  percentage 
of  total  female  driving  is  done  during  the  day- 
light. In  addition  accidents  involving  females 
were  found  to  be  significantly  high  as  a result  of 
Deficiencies  in  Routine  Driving  Skills,  which  in 
itself  has  no  direct  relationship  to  light  condi- 
tions, again  indicating  that  the  deviation  is  due 
primarily  to  the  time  of  day  when  most  females 
drive  the  Turnpike. 

Age  of  Driver:  Passenger  car  drivers  1 6-25 
years  old  were  not  involved  in  a disproportionate- 
ly high  number  of  accidents  under  all  conditions. 
They  were,  however,  involved  in  a significantly 
low  number  of  accidents  during  the  daytime.  On 
the  other  hand,  a disproportionately  high  num- 
ber of  passenger  car  drivers  46  years  old  and  old- 
er were  involved  in  accidents  under  Daylight 
conditions.  Truck  drivers  56  years  old  and  older 
were  also  involved  in  a significantly  high  number 
of  accidents  during  the  daytime. 

While  certain  behavioral  differences  were 
found  between  passenger  car  driver  age  groups 


(Chapter  II)  they  do  not  appear  to  be  applicable 
here.  Exposure  likely  plays  the  important  role  in 
these  deviations. 

Estimated  Initial  Speed:  No  factor  in  the 
accident  picture  has  received  as  much  public  and 
press  attention  as  speed.  The  accident  precipitat- 
ing factors  related  to  accidents  at  the  various 
speeds  were  covered  in  Chapter  II.  The  present 
section  of  this  report  will  show  the  relationships 
between  the  environmental  conditions  and  the 
Estimated  Initial  Speed  at  which  the  accidents 
occurred. 

A significantly  high  number  of  passenger 
cars  were  involved  in  daylight  accidents  at  speeds 
of  50-60  MPH.  Truck  daylight  accident  involve- 
ment, however,  showed  no  relationship  to  the 
various  stated  speeds.  Speed  tests  show  that  the 
greatest  number  of  drivers  operate  within  this 
speed  range  both  day  and  night.  ( See  Field 
Survey  Appendix)  The  combination  of  higher 
traffic  density  under  Daylight  conditions  and  the 
number  of  vehicles  traveling  in  this  speed  range 
likely  act  to  result  in  this  deviation. 

Roadway  Conditions:  Truck  drivers  are  ap- 
parently less  capable  of  avoiding  accidents  on 
snowy  roadway  during  the  high  traffic  conditions 
of  daytime  than  they  are  under  the  lighter  traffic 
conditions  of  night  time  driving.  A significantly 
high  number  of  trucks  were  involved  in  snowy 
roadway  accidents  under  Daylight  conditions. 

Roadway  Element:  A disproportionately 
high  number  of  passenger  cars  were  involved  in 
accidents  on  straight  down  roadway  during  Day- 
light conditions.  A large  portion  of  Straight- 
Down  accidents  were  the  result  of  vehicle  fail- 
ures. It  appears  logical  that  these  vehicle  failures 
were  more  likely  to  result  in  accidents  under  the 
heavier  traffic  conditions  of  daytime  driving  than 
during  the  darkness  hours. 

Summary:  Daylight  activity  on  the  Turn- 
pike is  appreciably  higher  than  the  night  time  and 
twilight  hour  activity.  This  activity  takes  place 
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under  better  visibility  conditions  when,  in  gen- 
eral, the  driver  should  be  at  the  peak  of  his  ability. 
In  spite  of  better  visibility  and  setting  for  better 
driver  condition  the  greatest  total  number  of  ac- 
cidents occur  under  Daylight  conditions  at  a 
rate  only  slightly  better  than  the  night  time  rate. 

It  is  evident  that  these  more  favorable  fac- 
tors found  present  in  daylight  driving  cannot 
compensate  for  such  human  behavior  as  driver 
failure  to  cope  with  road  conditions.  In  addition, 
the  better  conditions  do  not  support  the  driver 


Daylight  conditions.  In  addition,  traffic  density 
and  exposure  are  in  general,  lower  than  under 
daylight  as  discussed  previously. 

Table  1II-3  points  up  significant  relation- 
ships with  respect  to  Darkness-Highway  Un- 
lighted. 

How  Vehicle  Was  Involved:  Passenger  car 
parking,  rear-end,  and  over  turning  involvements 
and  truck  fire  involvements  were  significantly 
high  under  conditions  of  Darkness  Highway  Un- 
lighted. 


TABLE  111-3 

Significant  Relationships  Between  Darkness — Highway  Unlighted  and  Various  Accident  Factors 

(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

♦High  Low 

High 

Low 

How  Vehicle  Was  Involved 

Parking,  Rear-End,  — 

Fires 

Medial  Strip 

Overturning  — 

— 

Sideswiping 

Day  of  Week 

Friday  — 

— - 

— 

Place  of  Occurrence 

Sunday 

Within  Tunnel 

State  of  Registration 

In-State 

— 

Sex  of  Driver 

— Females 

— - 

— 

Age  of  Driver 

16-25  years  46  years 

26-35 

56  years  and 

and  over 

years 

over 

Estimated  Initial  Speed 

0-M.P.H.  — 

31-40M.P.H. 

1-10  M.P.H. 

Roadway  Condition 

Ice  — 

— 

Snowy 

Roadway  Element 

Straight  Up  Straight 

Straight  Up 

Straight 

Down 

Curved  Up 

Level 

Curved  Down 

* High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 

in  his  driving  task  to  the  point  where  his  failures 
fall  far  below  that  of  the  poorer  visibility  condi- 
tions. 

Aggravating  this  situation  is  the  increased 
demand  on  the  daytime  driver  created  by  in- 
creased traffic  volume  and  density. 

DARKNESS  HIGHWAY  UNLIGHTED 

Darkness  Highway  Unlighted  visibility 
conditions  are  accepted  to  be  less  favorable  than 


Stopped,  stopping  and  parked  accidents 
were  found  to  be  significantly  related  to  Illegal 
and  Unsafe  Actions.  The  effect  of  visibility  on 
the  hazards  of  parking  along  the  Turnpike  are 
self  evident.  A parking  malpractice,  hazardous 
at  any  time,  is  even  more  hazardous  under  the 
relatively  poorer  visibility  of  night  time. 

The  relationship  of  rear-end  collisions  to 
the  driver  Falling  Asleep,  and  driver  Mispercep- 
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tion  is  an  aid  in  resolving  the  relationship  be- 
tween high  passenger  car  rear-end  collisions  and 
Darkness  Highway  Unlighted  conditions.  Per- 
ception is  basically  a function  of  visibility.  Asleep 
in  addition  to  being  significantly  related  to  rear- 
end  collisions  was  also  found  to  be  related  to 
Darkness  Highway  Unlighted  conditions.  While 
the  act  of  a driver  falling  asleep  almost  invariably 
results  in  accidents  under  any  light  condition, 
propensity  to  fall  asleep  is  by  its  very  nature  ex- 
pected to  be  highest  at  night. 

Overturning  as  it  is  dealt  with  in  this  re- 
port covers  vehicles  which  are  involved  in  over- 
turning accidents  without  striking  another  ve- 
hicle. The  disproportionate  number  of  these  in- 
volvements under  Darkness  Highway  Unlighted 
conditions  may  be  the  result  of  the  drivers  in- 
ability to  detect  embankments,  culverts,  or  abut- 
ments. An  action  on  the  part  of  the  driver  re- 
sulting in  an  overturning  accident  under  dark- 
ness conditions  might  have  been  classified  as  a 
collision  accident  under  the  heavier  traffic  con- 
ditions of  daylight.  However,  better  visibility 
conditions  might  have  afforded  the  driver  an 
avenue  of  escape  thus  avoiding  the  overturning 
accident. 

For  both  passenger  cars  and  trucks,  fires 
are  primarily  the  result  of  Vehicle  Failures.  In 
view  of  the  analysis  of  fire  accidents  in  Chapter 
II  page  52,  the  disproportionate  number  of  truck 
accidents  involving  fire  requires  further  research 
for  final  resolution. 

Day  of  Week:  A disproportionate  number 
of  passenger  car  drivers  were  involved  in  acci- 
dents on  Fridays  and  Sundays  under  conditions 
of  Darkness  Highway  Unlighted.  These  two  de- 
viations appear  to  correspond  with  the  logical 
pattern  of  weekend  trips.  While  basic  differences 
may  exist  between  weekend  and  week  day  drivers 
the  influence  of  increased  exposure  on  weekends 
along  with  the  general  living  habits  over  week- 
ends tending  toward  fatigue,  cannot  be  ignored. 

Place  of  Occurrence:  A significantly  high 
number  of  passenger  cars  were  involved  in  acci- 


dents within  tunnels  during  Darkness  Highway 
Unlighted  conditions.  It  should  be  remembered, 
however,  that  main  line  normal  highway  alone 
accounted  for  better  than  80%  of  total  passenger 
car  involvement  in  accidents.  Within  tunnel  pas- 
senger car  involvements  amounted  to  2.1%  of 
total  main  line  passenger  car  involvements.  Here 
again  the  time  of  occurrence  does  not  lend  itself 
to  the  alertness  demanded  of  drivers  in  the  tun- 
nels. That  is,  the  main  factor  here  is  quite  likely 
driver  condition,  rather  than  one  of  visibility. 

State  of  Registration:  In-State  passenger  car 
drivers  were  involved  in  a significantly  high  num- 
ber of  Darkness  Highway  Unlighted  involve- 
ments. Here  again,  exposure  appears  to  play  a 
major  role  in  this  deviation.  No  differences  in 
driver  behavior  were  uncovered  which  would 
contribute  to  a deviation  of  this  nature. 

Sex  of  Driver:  The  low  frequency  of  female 
involvement  in  Darkness  Highway  Unlighted  ac- 
cidents is  the  reverse  of  what  was  found  for  fe- 
male involvement  under  Daylight  conditions.  In 
view  of  the  significant  relationship  between  acci- 
dents involving  females  and  the  Deficiencies  in 
Routine  Driving  Skill  behavorial  category  it 
would  be  somewhat  illogical  to  assume  that 
women  were  involved  in  a low  number  of  dark- 
ness accidents  because  of  superior  driving  ability. 
As  was  pointed  out  in  the  consideration  of  Day- 
light, a major  percentage  of  female  driving  is 
done  during  the  daylight,  leaving  the  percentage 
of  vehicle  miles  of  night  time  driving  low. 

Age  of  Driver:  A disproportionately  high 
number  of  passenger  car  drivers  16-25  years  old 
and  truck  drivers  26-35  years  old  were  involved 
in  Darkness  Highway  Unlighted  accidents.  Truck 
driver  age  was  not  found  to  be  significantly  re- 
lated to  any  of  the  various  accident  precipitating 
behaviors.  Passenger  car  drivers  16-25  years  old, 
however,  accounted  for  a disproportionately 
high  number  of  Asleep  accidents. 

While  the  deviation  in  truck  driver’s  in- 
volvement under  this  light  condition  can  likely 
be  attributed  to  exposure,  and  perhaps  some  lack 
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of  rest  the  significantly  high  number  of  16-25 
year  old  passenger  car  drivers  involved  in  falling 
asleep  accidents  is  an  important  factor  in  the 
passenger  car  deviation.  Reference  to  the  discus- 
sion of  Asleep  accidents,  Chapter  II  page  43, 
and  the  Occupational  Analysis,  Chapter  II  page 
73,  will  provide  the  reader  with  the  background 
details  of  the  passenger  car  deviation  under 
Darkness  Highway  Unlighted  conditions. 

Estimated  Initial  Speed:  A significantly 
high  number  of  parked  passenger  cars  were  in- 
volved in  accidents  on  the  main  line  section  of 
the  highway  under  conditions  of  Darkness  High- 
way Unlighted.  It  is  important  to  point  out  again 
that  these  “parked”  accidents  did  not  occur  in 
the  service  station  parking  lots,  but  rather,  in- 
volved vehicles  parked  along  the  main  line  of  the 
highway. 

The  significant  relationship  here  corrobo- 
rates the  relationship  noted  in  the  discussion  of 
“How  Vehicle  Was  Involved”  under  Darkness 
Highway  Unlighted  conditions,  (page  93  of  the 
present  chapter) . 

Parking  along  the  main  line  of  the  Turn- 
pike requires  strict  conformance  to  good  operat- 
ing procedures;  adequate  signaling,  pulling  off 
far  enough  onto  the  berm,  etc.,  under  all  en- 
vironmental conditions.  An  unsafe  parking  prac- 
tice during  Darkness  Highway  Unlighted  condi- 
tions, however,  is  compounded  by  the  relatively 
poorer  visibility  as  compared  to  daylight. 

A disproportionately  high  number  of  trucks 
were  involved  in  accidents  during  Darkness 
Highway  Unlighted  conditions  at  speeds  of  31-40 
m.p.h.  This  truck  deviation  from  expected  dis- 
tribution is,  at  the  present  time,  unexplainable  in 
view  of  the  lack  of  significant  relationship  be- 
tween driver  behavior  and  truck  drivers  travel- 
ing at  speeds  of  31-40  m.p.h.  In  addition,  expos- 
ure does  not  appear  to  account  for  this  deviation. 
The  10  mile  pace  speed  for  trucks,  as  checked 
by  radar  fell  between  45-55  m.p.h.  (See  Ap- 
pendix B). 

Roadway  Conditions:  A disproportionately 
high  number  of  passenger  cars  were  involved  in 


accidents  on  icy  roadway  under  conditions  of 
Darkness  Highway  Unlighted.  No  relationship 
was  found  between  truck  involvements  and  the 
various  roadway  condition  with  the  exception  of 
the  lower  than  expected  number  of  truck  involve- 
ments on  snowy  roadway  under  Darkness  High- 
way Unlighted  conditions. 

Although  the  passenger  car  involvement 
deviation  is  partially  attributable  to  the  fact  that 
icy  conditions  are  more  prevalent  at  night  it  is 
interesting  to  note  that  truck  drivers  are  not  as 
adversely  affected  by  the  icy  roadway  as  are  pas- 
senger cars.  The  problem  of  roadway  condition 
is  treated  more  fully  in  subsequent  pages  of  this 
chapter. 

Roadway  Element:  While  the  roadway  ele- 
ment factor  will  be  treated  in  full  as  one  of  the 
major  environmental  conditions  contributing  to 
the  driving  task,  the  inter  relationships  between 
Roadway  Element  and  Light  Conditions  are  per- 
tinent at  this  point. 

A significantly  high  number  of  passenger 
cars  and  trucks  were  involved  in  accidents  on 
straight  up  roadway.  Accidents  of  this  type  are 
predominantly  rear-end  collisions  resulting  from 
Asleep  and  Misperception  on  the  part  of  the 
driver. 

The  apparent  incongruity  between  passen- 
ger car  rear-end  collision  relationship  to  Dark- 
ness Highway  Unlighted  conditions  and  the  lack 
of  truck  rear-end  collision  relationship  to  Dark- 
ness Highway  Unlighted  conditions  becomes  ap- 
parent at  this  point.  ( page  93  ) . 

A possible  explanation  of  this  incongruity 
can  be  found  in  a closer  look  at  rear-end  type 
collisions.  Passenger  cars  were  involved  in  a dis- 
proportionate number  of  rear-end  collisions  not 
only  on  straight  up  roadway  but  also  on  straight 
level  roadway.  Passenger  cars  were  most  fre- 
quently the  striking  vehicle  on  straight  up  road- 
way, striking  other  passenger  cars  as  well  as 
trucks.  The  truck  role  in  rear-end  collisions  on 
straight  up  roadway,  conversely,  was  that  of  the 
struck  vehicle  predominantly  and  consequently 
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trucks  were  involved  in  proportionately  less  ac- 
cidents of  this  type  than  were  passenger  cars. 

The  visibility  factor,  generally,  in  straight- 
up  roadway  accidents  under  conditions  of  Dark- 
ness Highway  Unlighted  is  important  and  will 
be  included  in  serious  remedial  research. 

In  addition  to  straight  up  involvements, 
trucks  were  also  disproportionately  involved  in 
accidents  on  curved  up  and  curved  down  road- 
course  under  Darkness  Highway  Unlighted  con- 
ditions. The  high  number  of  truck  driver  Asleep 
accidents  under  darkness  conditions  coupled 
with  the  signihcantly  high  number  of  truck 
curved  down  accidents  resulting  from  driver 
Failure  to  Cope  with  Road  Conditions  are  im- 
portant considerations  in  the  understanding  of 
these  deviations. 

Summary:  There  is  generally  less  activity 
on  the  Turnpike  during  the  night  and  twilight 
hours  than  during  the  daytime.  The  decrease  in 
activity  brings  with  it  a decrease  in  the  number 
of  accidents  as  compared  to  daylight,  at  a rate 
which  is  practically  the  same  as  the  daylight  rate. 

Visibility  is  seen  to  be  an  important  factor 
in  the  number  of  accidents  resulting  from  driver 
Failure  to  Avoid  Objects  in  Road  and  Driver 
Misperception.  At  the  same  time  drivers  fall 


asleep  disproportionately  more  often  under  dark- 
ness conditions.  These  Asleep  accidents  manifest 
themselves  in  overturning  and  rear  end  colli- 
sions. 

The  lighter  traffie  volume  and  lighter  den- 
sity of  night  time  travel  appears  to  be  a counter- 
balancing factor  in  maintaining  approximately 
equal  vehicle  involvement  rates  day  to  night. 

DARKNESS  HIGHWAY  LIGHTED 

The  “Darkness  Highway  Lighted”  category 
is  unique  in  that  it  is  more  a measurement  of 
specific  sections  of  highway  than  a measurement 
of  the  effects  of  light  conditions. 

Darkness  Highway  Lighted  areas  include 
the  main  line  of  the  highway  passing  gas  station 
areas,  interchange  areas  and  tunnel  approaches 
and  portals.  The  fact  that  the  highway  was 
lighted  in  these  areas  is  secondary  in  importance 
to  the  fact  that  these  lighted  sections  of  the  Turn- 
pike have  more  erratic  and  generally  more  dense 
traffic  patterns  than  the  main  line  normal  sec- 
tions of  roadway. 

Entering  and  leaving  vehicles  in  gas  sta- 
tion and  interchange  areas,  speed  reduction  and 
“bunching”  at  tunnel  approaches  and  portals 
result  in  changes  in  the  basic  traffic  make-up. 
The  effects  of  these  changes  and  the  human  be- 


TABLE  III-4 

Significant  Relationships  Between  Darkness — Highway  Lighted  Conditions  and  Various  Accident  Factors 

(1941-1952) 


Accident  Factors 

Passenger  Cars 

Trucks 

♦High 

Low 

High 

Low 

How  Vehicle  Was  Involved 

Running  Off 
Roadway 

Stopped, 

stopping 

parked 

Number  of  Vehicles 

3 or  more 

Single 

— - 



Estimated  Initial  Speed 

0-40  m.p.h. 

40-Over 

m.p.h. 

1-10  m.p.h. 

1 1-Over 
m.p.h. 

Roadway  Element 

Straight  Level 

— • 

Straight 

Straight  Up 

Straight  Down 

Level 

Curved  Up 
Curved 
Down 

* High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 
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haviors  and  vehicular  conditions  which  accom- 
panied them  are  shown  in  Table  III-4. 

Summary:  The  Darkness  Highway  Lighted 
areas  of  the  highway  present  an  added  burden  on 
the  driver's  judgmental  and  perceptual  ability. 
The  visibility  or  light  condition  factors  in  these 
areas,  however,  play  a minor  role  in  the  accident 
picture.  While  the  contrasts  involved  in  moving 
from  a non-lighted  to  a lighted  section  of  high- 
way may  have  a small  part  in  Darkness  Highway 
Lighted  involvements,  major  emphasis  must  be 
placed  on  the  place  of  the  accident  occurrence. 
Darkness  Highway  Lighted  areas  of  the  Turn- 
pike are  restricted  to  gas  station  areas,  inter- 
change areas  and  tunnel  approaches  and  portals. 
These  areas  generally  have  more  complex  traffic 


patterns  as  a result  of  entering  and  leaving  ve- 
hicles, than  do  the  other  main  line  sections  of 
roadway. 

DUSK  AND  DAWN 

No  significant  relationships  were  discovered 
betw'een  Dusk  and  Dawn  conditions  and  the 
various  human  and  vehicular  factors  relative  to 
accidents.  Despite  this  lack  of  relationship,  how- 
ever. relationships  were  found  to  exist  between 
this  light  condition  and  the  manner  in  which  the 
vehicles  were  involved. 

Passenger  car  involvement  in  running  off 
roadway  and  tunnel  approach  and  portal  acci- 
dents were  significantly  high  during  Dusk  and 
Dawn  conditions.  Truck  stopped,  stopping  and 
parked  involvements,  also  w'ere  disproportionate- 
ly high  during  Dusk  and  Dawn. 


ANALYSIS  OF  WEATHER  CONDITIONS  Weather  plays  an  important  role  in  the  overall  make-up  of  the  driv- 
ing task.  It  affects  not  only  the  driver  visibility  but  also  the  traction  of  his  vehicle  as  determined  by  the 
condition  of  the  roadway.  In  addition  weather  has  an  effect  on  traffic  density  and  may  even  influence 
traffic  pattern.  Weather  directly,  or  indirectly  modifies  driver  behavior  as  evidenced  by  speed  studies 
under  various  weather  conditions. 


FIGURE  lll-Q 

Percent  of  Vehicle  Involvement  in  Accidents  by  Weather  Conditions 

(1941-1952) 
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FIGURE  lll-R 
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Vehicle  Involvement  Rate  by  Weather  Conditions 


(1952) 
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WEATHER  CONDITIONS 

1 . Vehicle  Involvement  Frequency: 

The  majority  of  all  vehicles  involved  in  ac- 
cidents were  involved  under  Clear-Cloudy  weath- 
er conditions,  Raining  and  Snowing  ranking  sec- 
ond with  Misty-Foggy,  and  Sleet-Freezing  Rain- 
Hail  accounting  for  only  3.5%  of  all  passenger 
car  involvement  and  4.6%  of  all  truck  involve- 
ment. 

2.  Vehicle  Involvement  Rate: 

Ratewise,  however,  as  in  the  consideration 
of  light  conditions,  those  categories  with  the 
highest  frequency  of  vehicle  involvement  in  ac- 
cidents do  not  necessarily  have  the  highest  in- 
volvement rate,  that  is,  the  highest  number  of 
vehicles  involved  per  vehicle  mile  driven. 

The  Clear-Cloudy  category  for  example, 
has  the  highest  accident  involvement  frequency. 


but  has  an  accident  involvement  rate  of  only  2.0 
vehicles  involved  per  million  vehicle  miles 
driven,  the  lowest  rate  of  any  category. 

Raining  weather,  on  the  other  hand,  with 
a much  lower  vehicle  involvement  frequency 
than  Clear-Cloudy,  has  an  involvement  rate  of 
3.9  vehicles  involved  per  million  vehicle  miles 
driven,  or  almost  twice  the  rate  of  the  Clear- 
Cloudy  category. 

The  above  rate  graph,  therefore,  indicates 
that  drivers  on  the  Turnpike  were  less  capable 
of  avoiding  accidents  under  bad  weather  condi- 
tions (rain,  snow,  etc.)  than  they  were  under 
the  more  ideal  clear  and  cloudy  conditions. 

In  addition  to  the  factors  which  play  a part 
in  accidents  generally,  some  factor  or  combina- 
tion of  factors  was  present  under  bad  weather 
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conditions  which  was  not,  or  was  to  a lesser  de- 
gree, in  operation  under  ideal  weather  condi- 
tions. 

To  take  an  extreme  example,  the  act  of 
slamming  on  the  brakes  in  certain  potential  ac- 
cident situations  on  dry  pavement  may,  and 
probably  has,  served  to  avoid  accidents  many 
times.  This  same  act,  however,  under  raining  or 


discussion  of  Vehicle  Failures  in  Chapter  II  of 
this  report.  A substantial  number  of  the  Vehicle 
Failures  are  attributed  to  tire  blowouts.  Clear- 
Cloudy  weather  represents  one  of  the  factors 
conducive  to  blowouts,  i.e.,  continued  high  speed 
over  a dry  road  course,  particularly  during  hot 
summer  months.  Such  things  as  prolonged  driv- 
ing under  more  favorable  conditions  tend  to 


TABLE  III-5 

Behavioral  Areas  of  Higher  than  Expected  Accident  Frequency  by  Weather  Conditions 


(1952-1953  Data) 

Weather  Condition 

Passenger  Cars 

Trucks 

Clear  cloudy 

Vehicle  Failures 

Failure  to  avoid 
objects  in  road 

Asleep 

Vehicle  failures 

* Raining 

Failure  to  cope 

with  road  conditions 

Failure  to  cope 

with  road  conditions 

* Snow-sleet-freezing 
rain-hail 

Failure  to  cope 

with  road  conditions 

Failure  to  cope 

with  road  conditions 

Misty  foggy 

Misperception 

*These  passenger  car  categories  are  significantly  low  in  asleep  accidents. 

snowing  conditions  will  often  contribute  to  the 
severity  of  the  accidents,  and  in  many  cases  pre- 
cipitate the  accident  itself. 

3.  Weather  Conditions  and  Driver  Behavior: 

Both  passenger  car  and  truck  Vehicle  Fail- 
ure accidents  were  significantly  high  during 
Clear-Cloudy  weather.  In  addition  passenger 
car  Failure  to  Avoid  Objects  in  Road  and  Asleep 
accidents  were  also  high  under  Clear-Cloudy 
conditions. 

The  significantly  high  number  of  Vehicle 
Failure  accidents  under  Clear-Cloudy  weather 
conditions  are  easily  understood  in  view  of  the 


make  this  category  significantly  high. 

Passenger  car  driver  Failure  to  Avoid  Ob- 
jects in  the  Road  was  covered  in  the  preceding 
section  of  this  chapter.  The  relatively  faster 
speeds  traveled  by  passenger  cars  during  Clear- 
Cloudy  weather  may  account  for  the  significant- 
ly high  frequency  of  failure  to  avoid  objects  in 
road  accidents. 

The  Asleep  behavioral  category  represents 
no  less  a complex  problem  at  this  point  than  it 
did  in  the  consideration  of  Light  Conditions.  It 
is  interesting  to  note  that  passenger  car  Asleep 
accidents  were  found  to  be  significantly  low  un 
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der  all  weather  conditions  except  Clear-Cloudy. 
For  one  reason,  it  is  probable  that  the  more  ad- 
verse weather  conditions;  Rain,  Snow,  Sleet, 
Freezing  Rain,  Hail  and  Misty-Foggy  serve  to 
keep  the  driver  more  alert  and  attentive  to  the 
driving  task,  thus  reducing  the  tendency  to  fall 
asleep.  At  the  same  time,  rushed  week  end  trips 
are  probably  avoided  as  much  as  possible  when 
drivers  feel  they  will  encounter  bad  weather. 

While  truck  drivers  are  not  innocent  of 
Asleep  accidents,  no  relationships  were  discov- 
ered between  truck  Asleep  accidents  and  Weath- 
er Conditions. 

The  passenger  car  and  truck  deviations, 
noted  in  Table  III-5,  for  Rain,  Snow,  Sleet. 
Freezing  Rain,  Hail  are  obvious  as  a result  of 
the  characteristics  of  the  table.  Inability  to  Cope 
With  Roadway  Conditions  would  logically  be 
expected  to  occur  almost  exclusively  under  ad- 
verse weather  conditions  with  the  exception  of 
oil  slicks  or  residual  water,  snow  or  ice. 

Passenger  car  driver  Misperception  acci- 
dents were  significantly  high  during  Misty-Foggy 
conditions.  Misperception  accidents  during 
Misty-Foggy  weather  are  primarily  a function 
of  reduced  visibility. 


Drivers  are  apparently  aware  of  the  hazards 
of  mist  and  fog  as  is  indicated  by  the  dispropor- 
tionately high  number  of  passenger  car  involve- 
ments in  the  0-30  mph  speed  range.  Despite  the 
passenger  car  drivers  apparent  awareness  of  con- 
ditions, however,  a disproportionately  high  num- 
ber of  passenger  cars  were  involved  in  rear-end 
collisions  during  Misty-Foggy  weather. 

While  truck  drivers  were  also  involved  in  a 
disproportionate  number  of  rear-end  collisions 
during  Misty  or  Foggy  weather,  no  apparent  re- 
lationships were  found  for  these  accidents  rela- 
tive to  specific  driver  behavior. 

4.  Further  Significant  Relationships: 

CLEAR-CLOUDY 

Clear-Cloudy  weather  represents  the  most 
ideal  weather  condition  from  the  standpoint  of 
driving  task  difficulty,  and  logically  the  greatest 
percentage  of  vehicle  miles  are  driven  under 
these  conditions.  It  is  the  category  with  the  high- 
est frequency  of  vehicle  involvement  yet  the 
lowest  vehicle  involvement  rate.  The  following 
table  and  discussion  will  serve  to  indicate  other 
significant  relationships. 


TABLE  III-6 

Significant  Relationships  Between  Clear-Cloudy  Weather  Conditions  and  Various  Accident  Factors 


(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

♦High 

Low 

High 

Low 

How  Vehicle  Was  Involved 

— 

Medial  Strip 

Fires 

Medial  Strip 

Number  of  Vehicles  Involved 

— 

3 or  more 
vehicles 

Single 

vehicle 

3 or  more 

vehicles 

Estimated  Initial  Speed 

50-70  mph 

— 

41-50  mph 

— 

Light  Conditions 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk-Dawn 

Roadway  Element 

Straight  up 

Curved  Down 

Straight  up 

Curved  Down 

"^High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 
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How  Vehicle  Was  Involved:  A dispropor- 
tionately high  number  of  trucks  were  involved  in 
tire  accidents  under  Clear-Cloudy  conditions. 
These  accidents  were  almost  exclusively  the  re- 
sult of  Vehicle  Failures.  The  nature  of  fire  acci- 
dents is  discussed  under  Vehicle  Failures  Chap- 
ter II  of  this  report.  The  relationship  between 
Clear-Cloudy  weather  and  Vehicle  Failures  as  a 
result  of  prolonged,  high  speed  driving  over  hot 
summer  roads  was  discussed  earlier  in  this  chap- 
ter. It  is  seen  then  that  many  of  the  factors  con- 
tributing to  Vehicle  Failures  generally  and  fires 
in  particular  are  found  during  clear  or  cloudy 
weather  conditions. 

Number  of  Vehicles  Involved:  While  no 
significant  relationships  were  discovered  between 
passenger  car,  Clear-Cloudy  weather  and  the 
Number  of  Vehicles  Involved  in  accidents,  truck 
single  vehicle  accidents  were  significantly  high 
during  Clear-Cloudy  weather  conditions.  While 
truck  Clear-Cloudy  involvements  were  not  ex- 
clusively Vehicle  Failures  a significantly  high 
number  of  trucks  were  involved  in  this  category. 
Vehicle  Failures  were  predominantly  single  ve- 
hicle accidents.  This  fact  is  probably  the  pre- 
dominant factor  in  truck  significantly  high  single 
vehicle  accidents. 

Estimated  Initial  Speed:  A significantly 
high  number  of  passenger  cars  in  the  51-70  mph 
speed  range  and  trucks  in  the  41-50  mph  speed 
range  were  involved  in  accidents  under  Clear- 
Cloudy  weather  conditions. 

The  radar  speed  checks  conducted  by  the 
field  survey  team  revealed  slight  differences  in 
the  speeds  traveled  under  the  various  weather 
conditions.  All  vehicles,  exhibited  a slowing 
down  on  snowy  and  icy  roadway. 

The  less  “ideal”  weather  conditions  were 
found  to  be  related  to  lower  Estimated  Initial 
Speeds  than  were  the  Clear-Cloudy  conditions. 

Exposure  seems  to  play  a slight,  but  not 
substantial  role  in  these  deviations. 


In  view  of  the  foregoing,  the  role  of  the 
human  factor  should  be  more  revealing. 

Passenger  car  accidents  in  the  higher  speed 
ranges  are  attributable  primarily  to  driver  Fail- 
ure to  Avoid  Objects  in  Road,  Asleep,  Inatten- 
tiveness and  Deficiencies  in  Routine  Driving 
Skills.  Truck  accidents  in  the  higher  speed 
ranges  resulted  primarily  as  a result  of  Asleep, 
Inattentiveness  and  Misperception.  (Chapter  II 
page  76). 

The  relative  driving  ease  of  clear-cloudy 
weather,  especially  since  it  is  usually  accom- 
panied by  dry  roads,  possibly  is  contributory  to  a 
laxity  on  the  part  of  the  drivers  in  the  behavioral 
areas  listed  above,  permitting  the  driver  error 
to  be  made  at  a comparatively  higher  speed  than 
would  be  found  under  less  favorable  conditions. 

In  addition,  it  should  be  noted  that  these 
behaviors  precipitated  accidents  at  all  speeds  and 
were  not  restricted  to  high  speed  accidents  only. 
A driver  failure  at  high  speeds,  however,  does 
not  afford  the  driver  as  much  “recovery”  time 
as  would  the  same  failure  at  lower  speeds,  most 
likely  contributing  to  the  above  deviations. 

Light  Conditions:  No  significant  relation- 
ships were  discovered  between  disproportionate- 
ly high  truck  Clear-Cloudy  involvements  and  the 
various  Light  Conditions.  A disproportionately 
high  number  of  passenger  cars,  however,  were 
involved  in  Clear-Cloudy  accidents  during  Day- 
light conditions. 

Vehicle  Failures  play  an  important  part  in 
this  passenger  car  deviation.  Table  III-5  points 
out  that  passenger  car  Clear-Cloudy  involve- 
ments were  significantly  related  to  not  only  Ve- 
hicle Failures  but  also  Failure  to  Avoid  Objects 
in  Road  and  Asleep  accidents,  both  of  which 
were  found  to  be  significantly  related  to  darkness 
accidents  (Table  III-l).  While  vehicle  failures 
in  total,  were  not  related  to  the  various  light  con- 
ditions the  combination  of  Vehicle  Failures  and 
Clear-Cloudy  conditions  resulted  in  significantly 
high  Clear-Cloudy,  Daylight  passenger  car  in- 
volvements. 
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Roadway  Element:  A significantly  hign 
number  of  both  passenger  cars  and  trucks  were 
involved  in  accidents  on  straight-up  roadway 
during  Clear-Cloudy  conditions. 

Although  no  truck  driver  behavioral  cate- 
gories under  Clear-Cloudy  conditions  appear  to 
tie  in  with  the  above  deviations,  the  significantly 
high  number  of  passenger  car  accidents  under 
Clear-Cloudy  conditions  as  a result  of  driver 
falling  asleep  most  likely  is  related  to  this  dis- 
proportionately high  number  of  straight-up  in- 
volvements (Table  III-5). 

Summary:  Clear-Cloudy  weather  condi- 
tions account  for  the  greatest  percentage  of  ve- 
hicle miles  driven  over  the  Turnpike.  Clear- 
Cloudy  weather  is  generally  accompanied  by  dry 
roadway.  The  greatest  percentage  of  vehicle 
miles  driven  on  the  Turnpike,  therefore,  are  un- 
der the  best  conditions  that  can  be  afforded  the 
driver. 

In  line  with  exposure,  the  greatest  number 
of  accidents  occur  under  these  “best”  conditions. 
The  Clear-Cloudy  accident  rate,  however,  is  ap- 
preciably lower  than  the  rates  for  other  Weather 
Conditions. 


It  is  strongly  indicated  that  clear  and  cloudy 
weather  with  accompanying  dry  roadway  may 
be  conducive  to  relaxation  and  unawareness  of 
the  requirements  of  the  driving  task  on  the  part 
of  the  drivers.  While  everyone  of  the  accident 
precipitating  behaviors  played  a part  in  Clear- 
Cloudy  accidents,  these  weather  conditions  were 
found  to  be  significantly  related  to  driver  falling 
asleep  and  striking  objects  in  the  road — gener- 
ally related  to  inattention. 

Vehicle  Failures  also  accounted  for  a dis- 
proportionately high  number  of  Clear-Cloudy  in- 
volvements. This  is  not  surprising,  however, 
when  it  is  remembered  that  “blowouts”,  a large 
percentage  of  Vehicle  Failures,  occur  most  often 
on  hot  dry  road  surfaces  as  compared  to  a wet 
cool  roadway. 

RAINING  WEATHER 

Raining  weather  conditions  affect  the  driv- 
er’s visibility,  the  roadway  condition  and,  to 
some  extent,  traffic  density  and  vehicle  exposure. 
While  Raining  weather  has  a lower  vehicle  in- 
volvement frequency  than  Clear-Cloudy  weath- 
er, the  vehicle  involvement  rate  is  roughly  twice 
the  Clear-Cloudy  rate. 


TABLE  III-7 

Significant  Relationships  Between  Raining  Weather  Conditions  and  Various  Accident  Factors 


(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

♦High 

Low 

High 

Low 

How  Vehicle  Was 
Involved 

Medial  Strip 
Running  Off 
Roadway 

Read  End 

Medial  Strip 

Fires 

Number  of  Vehicles 

Single  Vehicle 

2 Vehicles 

3 or  More 

Vehicles 

2 Vehicles 

Estimated  Initial 

Speed 

41-50  mph 



— 

— 

Roadway  Element 

Curved  Level 
Curved  Down 

Straight  Up 
Straight  Down 

Curved  Down 

Straight  Up 

'* High-Low:  Areas  that  are 

significantly  higher 

or  lower  than  would  he  expected  on  the  basis  of  chance  alone. 
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How  Vehicle  Was  Involved:  A significantly 
high  number  of  passenger  cars  were  involved  in 
medial  strip,  and  running  off  roadway  accidents 
under  Raining  weather  conditions.  Truck  medial 
strip  involvements  were  also  disproportionately 
high  for  this  weather  category.  Both  medial  strip 
and  running  off  roadway  passenger  car  accidents 
were  seen  to  be  related  to  driver  Failure  to  Cope 
With  Road  Conditions.  (Chapter  II  page  69). 
This  same  behavorial  factor  is,  naturally  enough, 
significantly  related  to  both  Rainy  and  Snowy 
weather  conditions. 

Although  truck  medial  strip  involvements 
revealed  no  significant  relationships  to  a specific 
driver  behavior  the  Failure  to  Cope  With  Road 
Conditions  category  likely  contributed  to  this 
deviation. 

Number  of  Vehicles:  A disproportionately 
high  number  of  passenger  cars  were  involved  in 
single  vehicle  accidents  during  Raining  weather 
conditions.  Truck  three  or  more  vehicle  involve- 
ments were  significantly  high  during  Raining 
weather. 

Single  vehicle  accidents  were  found  to  be 
related  to  a number  of  behavioral  factors  ( Chap- 
ter II  page  77).  Failure  to  Cope  with  Road 
Conditions,  however,  was  likely  the  major  fac- 
tor in  the  significantly  high  number  of  passenger 
car  single  vehicle  involvements  during  Raining 
weather. 

Illegal  and  Unsafe  Actions  on  the  part  of 
truck  drivers  in  combination  with  the  roadway 
condition  contributed  to  the  disproportionate 
number  of  truck  three  or  more  vehicle  involve- 
ments during  Raining  weather. 

Estimated  Initial  Speed:  It  was  found  that 
passenger  car  drivers  tend  to  travel  at  slightly 
lower  speeds  during  Raining  conditions.  The 
radar  speed  checks  revealed  no  slowing  down  on 
the  part  of  truck  drivers,  however.  (See  Appen- 
dix B) . 

The  differential  between  passenger  car 
Clear-Cloudy  speeds  and  passenger  car  Raining 


weather  speeds,  as  measured  by  radar,  were  not 
as  great  as  was  indicated  by  the  officers’  Esti- 
mated Initial  Speed  at  the  time  of  the  accident. 
While  the  vehicle’s  speed  at  the  moment  the  acci- 
dent situation  became  apparent  may  actually,  in 
many  cases,  have  been  lower  than  the  vehicle’s 
normal  speed  there  may  have  been  some  down- 
ward shading  of  the  speed  as  stated  by  the 
driver. 

A significantly  high  number  of  passenger 
cars  were  involved  in  accidents  at  Estimated  In- 
itial Speeds  of  41-50  mph.  No  relationship  was 
discovered  between  truck  driver’s  Estimated  In- 
itial Speeds  and  Raining  weather  accidents. 

Roadway  Element:  A disproportionate 
number  of  Raining  weather  vehicle  involvements 
occurred  on  curved  roadway.  Passenger  car 
Raining  weather  involvements  were  significantly 
high  on  curved  level  and  curved  down  highway; 
trucks  on  curved  down  highway. 

Passenger  car  curved  level  and  curved 
down  accidents  resulted  disproportionately  often 
from  driver  Failure  to  Cope  With  Roadway 
Conditions  and  Deficiencies  in  Routine  Driving 
Skills.  It  is  not  surprising  to  find  driving  skill 
deficiencies  highlighted  by  the  combination  of 
rainy  weather  and  curved  roadway. 

Truck  accidents  on  a curved  down  road- 
way resulted  disproportionately  often  from  driver 
Failure  to  Cope  With  Road  Conditions.  It  is 
possible  that  these  failures  would  be  classified 
Deficiencies  in  Routine  Driving  Skills  were  suf- 
ficient information  contained  in  the  accident 
reports. 

Summary:  Rainy  weather  accounts  for  the 
second  greatest  number  of  vehicle  miles  driven. 
The  second  greatest  number  of  accidents  oc- 
curred under  this  Weather  Condition  at  a rate 
about  twice  that  of  Clear-Cloudy  weather. 

The  rainy  weather  driver  is  confronted  with 
driving  problems  not  generally  found  under 
clear-cloudy  conditions:  lower  visibility,  as  a 
direct  result  of  the  rain  and  spray  from  other 


103 


vehicles,  in  addition  to  lower  vehicle  traction. 

While  drivers  are  apparently  aware  of  the 
increased  demands  of  the  driving  task,  as  indi- 
cated by  the  lower  estimated  initial  speeds  at 
which  the  accidents  occur,  driver  failure  to  fully 
recognize  the  task  at  hand  and  driver  inability  to 
handle  his  vehicle  once  involved  in  the  situation 
that  resulted  in  an  accident  appear  to  be  the  pre- 
dominant factors  in  these  rainy  weather  acci- 
dents. 

SNOW-SLEET-FREEZING  RAIN-HAIL 

Sleet;  Freezing  Rain;  and  Hail  have  been 
grouped  with  Snowy  weather  conditions  for  pur- 
poses of  this  analysis.  All  four  of  these  weather 
conditions  affect  the  drivers  visibility,  the  road- 


way condition,  traffic  density  and  vehicle  ex- 
posure. 

Sleet;  Freezing  Rain;  and  Hail  involvements 
accounted  for  only  0.7%  of  total  passenger  car 
involvement  and  0.5%  of  total  truck  involve- 
ment in  accidents.  Snowy  weather,  however,  ac- 
counted for  12.2%  of  passenger  car  and  10.4% 
of  truck  involvement. 

All  of  these  conditions  have  higher  vehicle 
involvement  rates  than  either  the  Clear-Cloudy 
or  Raining  categories.  Sleet;  Freezing  Rain;  and 
Hail  have  the  highest  vehicle  involvement  rate  of 
any  weather  condition  category  (6.0  per  million 
vehicle  miles).  Fortunately  these  conditions  ac- 
count for  a very  minor  percentage  of  total  driv- 
ing conditions. 


TABLE  III-8 

Significant  Relationships  Between  Snow-Sleet-Freezing  Rain  and  Hail  Weather  Conditions  and 

Various  Accident  Factors 

(1941-1952) 


Passenger  Cars  Trucks 


Accident  Factors 

‘High 

Low 

High 

Low 

How  Vehicle  Was 
Involved 

Medial  Strip 

- — • 

Medial  Strip 
Sideswiping 

Fires 

Number  of 

Vehicles 

3 or  More 

Single  Veh. 

— 

Single  Veh. 

Estimated  Initial 
Speed 

21-40  mph 

40-Over  mph 

1-20  mph 

30-Over  mph 

Age  of  Driver 

• — - 

— 

46-55  age 

16-25  age 

Light  Conditions 

Darkness 

Highway  Unlighted 

Daylight 

— 

— 

Roadway  Element 

Straight  Down 
Curved  Up 

Straight 

Level 

Curved  Up 
Curved  Down 

Straight  Up 

Hif;h-Lo\v:  Areas  that 

are  signifiiantly  higher  or 

lower  than  would  he 

expected  on  the  basis  of  chance  alone. 
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How  Vehicle  Was  Involved:  Medial  strip 
accidents  occurred  disproportionately  more  often 
under  conditions  of  Snow-Sleet-Freezing  Rain 
and  Hail.  In  addition  truck  sideswiping  involve- 
ments were  significantly  high  under  these  weather 
conditions. 

Driver  Failure  to  Cope  With  Road  Condi- 
tions was  most  likely  the  prime  precipitating  fac- 
tor in  the  significantly  high  medial  strip  involve- 
ments. The  combination  of  poor  visibility,  poor 
roadway  conditions  and  illegal  and  unsafe  ac- 
tions on  the  part  of  truck  drivers  resulted  in 
significantly  high  truck  sideswiping  involvements 
under  Snow,  Sleet,  Freezing  Rain  and  Hail  con- 
ditions. Such  Illegal  and  Unsafe  Actions  as;  pass- 
ing vehicle  on  right  side,  cutting  in  too  quickly 
after  passing  and  pulling  out  in  front  of  passing 
vehicle  are  potentially  dangerous  actions  under 
the  best  of  driving  conditions.  (Table  II-l). 
These  same  actions,  when  coupled  with  poor 
visibility  and  poor  roadway  conditions,  are  even 
more  hazardous  as  is  evidenced  by  the  accident 
statistics. 

Number  of  Vehicles  Involved:  Passenger 
car  involvement  in  accidents  during  Snow,  Sleet, 
Freezing  Rain  and  Hail  conditions  were  dispro- 
portionately more  frequent  in  the  three  or  more 
vehicle  involvement  class.  Single  vehicle  involve- 
ments were  significantly  low  for  both  passenger 
cars  and  trucks  under  these  conditions.  Multiple 
vehicle  accidents  often  include  an  illegal  or  un- 
safe action  on  the  part  of  one  of  the  drivers  in- 
volved in  the  accident.  The  examples  of  accident 
precipitating  actions  cited  above  are  equally  ap- 
plicable here. 

Estimated  Initial  Speed:  Here,  as  in  the  case 
of  rainy  weather,  the  driver’s  stated  speed  was 
somewhat  lower  than  the  normal  operating 
speeds  as  checked  by  radar  and  could  be  the  re- 
sult of  slowing  down  of  drivers  while  the  acci- 
dent situation  was  establishing  itself. 

A significantly  high  number  of  the  Snow, 
Sleet,  Freezing  Rain  and  Hail  involvements  oc- 
curred in  the  lower  speed  ranges.  A dispropor- 


tionate number  of  passenger  car  involvements 
occurred  between  21-40  m.p.h.  and  truck  in- 
volvements between  1-20  m.p.h.  Lower  speed 
range  accidents  for  both  passenger  cars  and 
trucks  were  found  to  be  significantly  related  to 
drivers  Failure  to  Cope  with  Road  Conditions. 

It  is  worth  noting  at  this  point  that  the  re- 
duction in  speed  in  these  cases  did  not  prevent 
these  accidents.  The  reduction  in  speed  did  not 
compensate  for  the  commission  of  illegal  and  un- 
safe actions,  driver  deficiency  in  handling  his 
vehicle  under  these  road  conditions,  or  any  of 
the  other  human  failures  which  contributed  to 
these  accidents. 

Age  of  Driver:  While  a significantly  high 
number  of  truck  drivers  in  the  46-55  age  range 
were  involved  in  accidents  under  Snow,  Sleet, 
Freezing  Rain,  and  Hail  conditions,  passenger 
car  driver  age  showed  no  relationship  to  acci- 
dents under  these  conditions. 

The  lack  of  relationship  between  truck 
driver  age  and  the  various  behavioral  factors 
leads  to  the  conclusion  that  the  above  deviation 
is  probably  the  result  of  chance  fluctuation. 

Light  Conditions:  A significantly  high  num- 
ber of  passenger  cars  were  involved  in  Snow. 
Sleet,  Freezing  Rain  and  Hail  accidents  during 
Darkness  Highway  Unlighted  conditions.  The 
role  of  Misperception,  Asleep,  and  Failure  to 
Avoid  Objects  in  Road  under  Darkness  Highway 
Unlighted  conditions  is  pointed  out  in  Table 
III-l.  Visibility,  then,  in  addition  to  driver  failure 
to  cope  with  the  condition  of  the  road  is  seen  to 
play  a part  in  passenger  car  involvements  under 
these  weather  conditions.  No  significant  relation- 
ships were  discovered  between  truck  involve- 
ments and  Light  Conditions.  The  visibility  factor, 
however,  is  inferred  in  all  Snow,  Sleet,  Freezing 
Rain  and  Hail  weather  conditions  accidents. 

Roadway  Element:  A disproportionately 
high  number  of  passenger  cars  were  involved  in 
accidents  on  straight  down  and  curved  up  road- 
way under  Snow,  Sleet,  Freezing  Rain  and  Hail 
conditions.  Truck  involvement,  on  the  other 
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hand,  was  disproportionately  high  on  curved  up 
and  curved  down  roadway  under  these  weather 
conditions. 

The  same  general  behavioral  categories 
mentioned  previously  are  most  likely  equally  ap- 
plicable here.  It  is  interesting  to  note,  however, 
that  curved  up  accidents  reveal  no  relationships 
to  any  of  the  specific  behavioral  categories. 

Truck  curved  down  accidents  were  signifi- 
cantly related  to  driver  Failure  to  Cope  with 
Road  Conditions.  Passenger  car  straight  down 
accidents  were  significantly  related  to  Vehicle 
Failures. 

Summary:  Adverse  weather  conditions 
(snow,  sleet,  freezing  rain  and  hail)  fortunately 
accounted  for  the  lowest  number  of  vehicle  miles 
driven  on  the  Turnpike.  Fortunate  because  the 
driving  task  was  discovered  to  be  most  difficult 
under  these  conditions,  as  indicated  by  the  acci- 
dent rates. 

Two  significant  relationships  were  found 
under  these  conditions  which  were  not  found  in 
the  consideration  of  rainy  weather.  Darkness,  or 


visibility,  begins  to  play  a part  in  these  involve- 
ments. In  addition,  other  vehicles  on  the  road 
enter  the  picture  to  compound  the  task  difficulty 
as  inferred  by  the  significantly  high  number  of 
multiple  vehicle  accidents. 

The  poorer  visibility  conditions  of  night 
time  driving  which  place  greater  demands  on 
driver  judgment  and  skill  under  the  best  condi- 
tions, compound  the  demands  under  these  weath- 
er conditions. 

The  greater  demand  on  driving  skill  is  ex- 
emplified by  the  significantly  high  number  of 
accident  involvements  while  passing  or  ap- 
proaching other  vehicles  as  indicated  by  the  num- 
ber of  multiple  vehicle  accidents. 

MI5TY-FOGGY  WEATHER  CONDITIONS 

The  role  of  Misty-Foggy  weather  in  the 
overall  accident  picture  is  related  primarily  to 
visibility.  It  is  not  unlikely,  however,  that  these 
conditions  also  exert  some  influence  over  traffic 
density  and  vehicle  exposure  much  in  the  same 
manner  as  the  other  weather  conditions. 


TABLE  III-9 

Significant  Relationships  Between  Misty-Foggy  Weather  and  Various  Accident  Factors 

(194I-1952) 

Passenger  Cars 

Trucks 

Accident  Factor 

High 

Low 

High 

low 

How  Vehicle 

Was  Involved 

Rear  End 

Medial  Strip 

Rear  End 

Medial  Strip 

Eires 

Place  of 
Occurrence 

Gas  Station  Area 

Number  of 
Vehicles 

3 or  More 

Single  Vehicle 

3 or  More 

Single  Vehicle 

Estimated 

Initial  Speed 

0-30M.P.H. 

Light  Conditions 

Darkness  Highway 
Unlighted 

Daylight 

Dusk  and  Dawn 

Darkness 

Highway  Unlighted 

Daylight 
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How  Vehicle  Was  Involved:  Both  passenger 
cars  and  trucks  were  involved  in  a significantly 
high  number  of  rear-end  collisions  and  medial 
strip  accidents  during  Misty-Foggy  weather  con- 
ditions. The  poor  visibility  factor  inherent  in 
misty-foggy  weather,  of  course,  is  self  evident. 
In  line  with  this  factor  of  poor  visibility.  Misper- 
ception accounted  for  a disproportionately  high 
number  of  rear-end  accidents.  (Table  II-3). 

In  addition,  truck  and  passenger  car  drivers 
were  involved  in  a high  number  of  rear  end  col- 
lisions as  a result  of  Asleep.  Passenger  car  driv- 
er’s Illegal  and  Unsafe  Actions  also  contributed 
disproportionately  to  rear-end  collisions. 

While  the  above  behavioral  factors  in  com- 
bination with  Misty-Foggy  conditions  were  re- 
sponsible for  a disproportionately  high  number 
of  rear-end  accidents,  it  should  not  be  forgot- 
ten that  rear-end  accidents  occurred  under  all 
weather  conditions.  Cause  under  any  of  the  vari- 
ous weather  conditions  can  be  attributed  to  the 
behavioral  categories  mentioned  above.  Misper- 
ception, for  example,  can  occur  on  a clear  cloudy 
day  as  a result  of  an  ambiguity  of  cues  as  well  as 
during  misty-foggy  weather  as  the  result  of  im- 
paired visibility.  This  is  mentioned  as  a reminder 
of  the  various  factors  involved  in  the  Mispercep- 
tion category. 

Place  of  Occurrence:  Passenger  car  drivers 
were  apparently  less  capable  of  coping  with  the 
increased  traffic  complexity  of  gas  station  areas 
during  Misty-Foggy  weather  conditions.  While 
truck  involvements  showed  no  relationship  to 
the  various  place  categories  during  misty  or 
foggy  weather,  a significantly  high  number  of 
passenger  cars  were  involved  in  gas  station  area 
accidents  under  these  conditions. 

Number  of  Vehicles  Involved:  Misty-Foggy 
accident  involvements  were  disproportionately 
often  three  or  more  vehicle  accidents.  Reference 
to  “How  Vehicle  Was  Involved”  makes  the  rea- 
son for  this  deviation  self  evident.  The  high  num- 


ber of  rear-end  collisions  and  medial  strip  acci- 
dents more  or  less  preclude  single  vehicle  in- 
volvements. 

Estimated  Initial  Speed:  Truck  misty-foggy 
involvements  showed  no  relationship  to  a specific 
speed  range.  Passenger  car  involvements,  on  the 
other  hand,  were  significantly  often  lower  speed 
range  accidents  between  0-30  M.P.H.  Any  of 
the  precipitating  factors  found  related  to  the 
lower  speeds  (Chapter  II,  page  76)  are  ap- 
plicable to  this  deviation.  Here  again  is  em- 
phasized the  fact  that  faulty  driving  behavior  at 
any  speed  can  result  in  accidents. 

Light  Conditions:  A disproportionate  num- 
ber of  vehicles  involved  in  Misty-Foggy  acci- 
dents were  involved  during  Darkness  Highway 
Unlighted  conditions.  Truck  Dusk  and  Dawn 
involvements  were  also  significantly  high  during 
mist  and  fog. 

It  is  readily  apparent  that  the  poor  visibility 
conditions  of  mist  and  fog  were  compounded  by 
the  less  ideal  light  conditions. 

Summary:  Misty-Foggy  weather  conditions 
account  for  a relatively  low  number  of  accident 
involvements.  The  Misty-Foggy  estimated  acci- 
dent rate  is  practically  the  same  as  the  Clear- 
Cloudy  rate. 

Certainly  the  driving  task  under  these 
poorer  visibility  conditions  must  be  more  difficult 
than  the  clear-cloudy  task.  The  fact  that  the 
accident  rates  are  close  indicates  that  the  drivers 
have  been  able  to  take  on  the  problem  repre- 
sented by  poor  visibility  in  this  case  quite  well. 
One  indication  of  the  effect  of  these  conditions 
on  the  driver  is  found  in  the  significantly  low 
speed  at  which  these  accidents  occurred. 

As  would  be  expected,  darkness  added  to 
the  drivers  burden  as  evidenced  by  the  signifi- 
cantly high  number  of  accidents  under  the  Dark- 
ness Highway-Unlighted  category. 
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ANALYSIS  OF  ROADWAY  CONDITIONS  For  purposes  of  this  analysis  the  roadway  conditions  which  existed 
at  the  time  of  accidents  were  broken  down  into;  Dry,  Wet,  Snow-Slush  and  Ice.  These  conditions  affect 
not  only  the  driver  but  also  the  roadway  and  vehicle  elements  in  the  closed  loop  driver-roadway-vehicle 
system.  In  addition,  roadway  conditions  affect  the  formation  of  the  traffic  pattern  as  well  as  the  vehicle 
exposure.  Visibility  is,  to  some  degree,  affected  by  the  roadway  conditions. 


FIGURE  lll-S 

Percent  of  Vehicle  Involvement  in  Accidents  by  Roadway  Conditions 

(1941-1952) 

PASSENGER  CARS  TRUCKS 


1 . Vehicle  Involvement  Frequency: 

The  above  charts  show  the  distribution  of 
vehicle  involvement  in  accidents  by  Roadway 
Conditions.  Better  than  50%  of  all  vehicles  in- 
volved in  accidents  were  involved  on  dry  road- 
way. 

2,  Vehicle  Involvement  Rate: 

While  dry  roadway  is  seen  to  be  the  big 


offender  from  the  standpoint  of  accident  involve- 
ment frequency,  the  computation  of  involvement 
rates  presents  a completely  different  picture  (see 
Fig.  Ill-T).  Dry  roadway  is  seen  to  be  the  least 
difficult  roadway  condition  confronting  the 
driver.  Icy  roadway  represents  the  most  difficult 
task  as  determined  by  the  number  of  vehicles 
involved  in  accidents  per  million  vehicle  miles 
traveled. 
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FIGURE  lll-T 

Vehicle  Involvement  Rate  by  Roadway  Condition 
(1952) 
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3.  Roadway  Conditions  and  Driver  Behavior: 


TABLE  111-10 

Behavioral  Areas  of  Higher  than  Expected  Accident  Frequency  by  Roadway  Conditions 

.(1952-1953  Data) 

Roadway  Conditions 

Dry 

Passenger  Cars 

Vehicle  Failures,  Failure  to  Avoid  Objects  in 
Road 

Asleep,  Inattentiveness,  Illegal  and  Unsafe 
Actions 

Trucks 

Vehicle  Failures 

*Wet 

Failure  to  Cope  With  Road  Conditions 

Misperceptions 

*Snow-Slush 

Failure  to  Cope  With  Road  Conditions 

Failure  to  Cope  With 

Road  Conditions 

*Ice 

Failure  to  Cope  With  Road  Conditions 
(All  other  categories  lower  than  expected) 

Failure  to  Cope  With 

Road  Conditions 

■■‘These  categories  are 

significantly  low  in  passenger  car  asleep  accidents. 
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Both  passenger  car  and  truck  Vehicle  Fail- 
ure accidents  were  signihcantly  high  on  Dry 
Roadway.  While  the  remainder  of  truck  Dry 
Roadway  accidents  approximate  chance  expect- 
ancy for  the  various  behavioral  categories,  pas- 
senger car  Dry  Roadway  accidents  revealed  ad- 
ditional signihcant  relationships.  A dispropor- 
tionately high  number  of  passenger  car  Dry 
Roadway  accidents  resulted  from:  Failure  to 
Avoid  Objects  in  Road,  Asleep,  driver  Inatten- 
tiveness and  Illegal  and  Unsafe  Actions. 

Vehicle  Failures  here,  as  in  the  considera- 
tion of  Weather  Conditions,  occurred  dispropor- 
tionately frequently  under  the  “ideal”  environ- 
mental conditions.  Dry  Roadway  is,  of  course, 
related  to  Clear-Cloudy  weather  conditions  as 
opposed  to  Raining,  Snowing,  etc.  The  same  fac- 
tors conducive  to  blowout  accidents,  therefore, 
apply  to  dry  roads  as  applied  to  clear-cloudy 
weather  conditions. 

Similarly,  the  significantly  high  number  of 
passenger  car  Failure  to  Avoid  Objects  in  Road 
accidents  can  be  traced  to  the  same  basic  causes 
discussed  under  Clear-Cloudy  weather  condi- 
tions. A combination  of  passenger  car  higher 
speed  and  relatively  light  weight  and  road  clear- 
ance, as  compared  to  trucks,  may  account  for  the 
importance  of  this  behavioral  category  in  pas- 
senger car  accidents.  As  was  mentioned  previ- 
ously, the  appearance  of  an  object  in  the  road 
on  a high  speed,  express  highway  represents  a 
surprise  element  especially  when  warnings  are 
ignored.  The  surprise  however  is  compounded 
or  magnified  at  higher  speed  travel  under  good 
driving  conditions  at  night  particularly. 

As  under  the  consideration  of  passenger  car 
accidents  during  the  various  Weather  Condi- 
tions, Asleep,  accidents  were  found  to  be  dis- 
proportionately high  on  Dry  Roadway  and  dis- 
proportionately low  on  all  other  roadway  condi- 
tions. The  causal  factors  relating  to  these  Asleep 
accidents  can  also  be  applied  to  the  Inattentive- 
ness categories.  The  more  difficult  driving  con- 
ditions of  a Wet,  Snowy,  Slushy  or  Icy  Roadway 
undoubtedly  serve  to  keep  the  driver  more  at- 
tentive and  alert  to  the  driving  task.  The  ideal 


roadway  eondition  (Dry)  tends  toward  a false 
sense  of  security  or  complacency. 

Passenger  car  driver  Illegal  and  Unsafe  Ac- 
tions on  Dry  Roadway  logically  result  in  more 
accidents  under  conditions  of  higher  traffic  vol- 
ume than  the  same  actions  under  more  adverse 
roadway  conditions  when  the  volume  is  reduced 
appreciably.  Illegal  and  Unsafe  Actions  encom- 
pass such  action  as;  improper  passing  practices, 
stopping  on  the  highway,  unsafe  parking  prac- 
tices, U-turns,  etc.  These  actions,  while  danger- 
ous at  all  times,  are  likely  to  occur  more  fre- 
quently and  are  potentially  more  dangerous  un- 
der conditions  of  heavier  traffic  density  general- 
ly associated  with  Dry  Roadways. 

Passenger  car  accidents  on  Wet,  Snow- 
Slush,  and  Icy  roadways  were  higher  than  chance 
expectancy  as  a result  of  driver  Failure  to  Cope 
With  Road  Conditions.  Truck  Failure  to  Cope 
With  Road  Condition  accidents  were,  on  the 
other  hand,  higher  than  expected  under  Snowy- 
Slushy  and  Icy  Roadway  conditions.  Truck 
driver  Misperception  accidents  were,  however, 
higher  than  chance  expectancy  under  conditions 
of  Wet  Roadway. 

These  Failure  to  Cope  With  Road  Condi- 
tion deviations  may  not  be  truly  significant  re- 
lationships but  rather  a charaeteristic  of  the 
table.  It  is  interesting  to  note,  in  this  connection, 
that  here,  as  under  adverse  weather  conditions, 
drivers  were  apparently  aware  of  the  additional 
hazards  of  “bad”  roadway  conditions.  Estimated 
Initial  Speeds  were  significantly  lower  under 
Wet,  Snowy,  Slushy,  and  Icy  Roadway  than  un- 
der Dry  Roadway  conditions.  Despite  these 
slower  speeds,  however,  medial  strip,  stopped- 
stopping-parked,  running  off  roadway  involve- 
ments were  significantly  high  under  these  condi- 
tions. Trucks  were  involved  significantly  more 
frequently  on  straight  down  roadcourse  during 
Snowy  or  Slushy  Roadway  conditions  and  curved 
down  roadway  under  Icy  conditions. 

Curved  level  roadway  was  related  to  a high 
frequency  of  passenger  car  Wet  Roadway  in- 
volvements while  straight  down,  curved  up,  and 
curved  down  roadway  elements  were  significant- 
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ly  related  to  passenger  car  Icy  Roadway  involve- 
ments. 

4.  Further  Significant  Relationships: 

DRY  ROADWAY 

As  has  been  stated,  Dry  Roadway  is  the 
most  ideal  driving  condition  from  the  standpoint 
of  rate.  A dry  road,  most  likely,  takes  the  least 
amount  of  driving  skill  to  negotiate  as  compared 
to  the  other  possible  roadway  conditions. 


between  Vehicle  Failures  and  “ideal”  environ- 
mental conditions,  discussed  elsewhere  in  this 
report,  is  highlighted  in  Table  111-10. 

In  addition  to  Vehicle  Failures,  however, 
passenger  car  Dry  Roadway  accidents  were  found 
also  to  be  related  to  driver  Failure  to  Avoid 
Objects  in  Road,  Asleep,  Inattentiveness  and 
Illegal  and  Unsafe  Actions.  All  of  these  behav- 
ioral categories  likely  contributed  heavily  to  the 
disproportionately  high  number  of  passenger  car 


TABLE  111-11 

Significant  Relationships  Between  Dry  Roadway  Conditions  and  Various  Accident  Factors 

(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

*High 

Low 

High 

Low 

How  Vehicle  Was 
Involved 

Overturning 

Fires 

Medial  Strip 

Fire 

Medial  Strip 

Place  of  Occurrence 

Within  Tunnel 

Bridges 

Tunnel  Approach 
and  Portal 

Number  of  Vehicles 

3 or  more 
Vehicles 

Single 

Vehicle 

2 or  more 

Vehicles 

Estimated  Initial  Speed 

5 1 -Over 

M.P.H. 

1-40  M.P.H. 

41-50 

M.P.H. 

1-10  M.P.H. 

Roadway  Element 

Straight  Level 
Straight  Up 

Curved 

Down 

Straight  Up 

Curved  Down 

* High-Low:  Areas  that  are 

significantly  higher  or 

lower  than  would  be 

expected  on  the 

basis  of  chance  alone. 

How  Vehicle  Was  Involved:  A significantly 
high  number  of  passenger  cars  and  trucks  were 
involved  in  fire  accidents  on  Dry  Roadway.  Pas- 
senger cars  were  also  disproportionately  in- 
volved in  overturning  accidents.  It  is  interesting 
to  note  that  medial  strip  accidents  were  sig- 
nificantly low  on  Dry  Roadway. 

Table  II-3,  page  69  reveals  that  both  over- 
turning and  fire  accidents  were  significantly  often 
the  result  of  Vehicle  Failures.  The  relationship 


overturning  accidents  on  Dry  Roadway. 

Place  of  Occurrence:  Passenger  car  within 
tunnel  accident  involvements  occurred  dispro- 
portionately frequently  on  Dry  Roadway.  This 
deviation,  however,  is  more  a function  of  the 
nature  of  tunnels  than  a significant  deviation. 
While  the  roadway  within  a tunnel  may  be  fre- 
quently wet,  the  nature  of  the  tunnel  precludes  a 
snowy  and,  to  a large  degree,  icy  roadway  con- 
dition. 
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Number  of  Vehicles  Involved:  Truck  single 
vehicle  accident  involvements  occurred  dispro- 
portionately frequently  on  Dry  Roadway.  This 
deviation  is  not  surprising  in  view  of  the  dispro- 
portionately high  number  of  vehicle  failures  on 
dry  roadway.  Truck  vehicle  failures  generally 
involve  only  one  vehicle. 

Estimated  Initial  Speed:  A significantly 
high  number  of  Dry  Roadway  involvements  oc- 
curred at  the  higher  speed  ranges  (over  40 
M.P.H.).  The  reader  is  once  again  referred  to 
the  radar  speed  check  data  found  in  the  “Field 
Survey  Appendix”  of  this  report. 

While  the  behaviors  shown  in  Table  III- 10 
were  the  prime  precipitating  factors  involved  in 
these  accidents  the  actual  deviation  appears  to 
result  largely  from  exposure.  Both  the  passenger 
car  and  truck  deviations  approximate  the  limits 
of  the  10  mile  pace  speed  as  determined  by 
radar. 

Roadway  Element:  Dry  Roadway  involve- 
ments occurred  disproportionately  frequently  on 
straight  roadway.  Both  passenger  cars  and  trucks 
were  involved  in  a significantly  high  number  of 
straight  up  accidents.  Passenger  cars  were  also 
involved  in  a higher  than  expected  number  of 
straight  level  accidents. 

While  the  relationships  between  behaviors 
and  the  various  roadway  elements  are  fully  cov- 
ered later  in  this  chapter,  it  is  pertinent  in  rela- 
tion to  the  above  deviations  to  point  out  the  pre- 
dominance of  Asleep  and  Misperception  behav- 
iors involved  in  accidents  on  straight  up  road- 
ways. Passenger  car  straight  level  involvements 
were  similarly  related  to  driver  Failure  to  Avoid 
Objects  in  Road. 

Summary:  By  far  the  greatest  number  of 
vehicle  miles  on  the  Turnpike  were  driven  on 
Dry  Roadway.  Likewise  the  greatest  number  of 
accidents  occurred  under  this  condition.  Dry 
roadway,  however,  had  a lower  accident  rate 
than  any  of  the  other  Roadway  Conditions. 

Dry  Roadway  accidents  were  found  to  be 
significantly  related  to  Vehicle  Failures,  Asleep, 


Inattention,  and  Illegal  and  Unsafe  Action. 

It  becomes  apparent  that  in  spite  of  the  low- 
est rate,  the  best  driving  conditions  that  nature 
affords  the  driver  are  not  good  enough  to  com- 
pensate for  errors  in  driver  behavior  and  vehicle 
failures. 

WET  ROADWAY 

Reference  to  Table  III- 10  reveals  a basic 
difference  between  the  affect  of  Wet  Roadway  on 
passenger  car  drivers  as  opposed  to  truck  drivers. 
As  might  be  expected,  a significantly  high  num- 
ber of  passenger  car  drivers  were  involved  in 
accidents  on  Wet  Roadway  as  a result  of  Failure 
to  Cope  With  Roadway  Conditions.  Truck  acci- 
dents on  Wet  Roadway,  however,  showed  no  re- 
lationship to  this  behavioral  category.  A signifi- 
cantly high  number  of  truck  accidents  on  Wet 
Roadway  resulted  from  Misperception. 

In  addition  to  its  affect  on  the  driving  task 
generally,  wet  roadway  also  likely  affects  the 
vehicle  exposure.  Most  drivers  prefer  to  drive 
under  so  called  “ideal”  environmental  condi- 
tions, consequently  some  drivers  avoid  the  less 
favorable  roadway  conditions  including  not  only 
wet  roadway  but  also  snowy,  icy,  and  slushy 
conditions. 

How  Vehicle  Was  Involved:  A dispropor- 
tionately high  number  of  both  passenger  cars 
and  trucks  were  involved  in  medial  strip  ac- 
cidents on  Wet  Roadway.  Passenger  cars  were 
also  involved  in  a high  number  of  running 
off  roadway  accidents.  It  will  be  remembered 
from  Chapter  II  that  both  medial  strip  and  run- 
ning off  roadway  passenger  car  involvements 
were  found  to  be  disproportionately  often  the  re- 
sult of  Failure  to  Cope  With  Roadway  Condi- 
tions. Truck  medial  strip  accidents  revealed  no 
relationships  to  any  of  the  specific  behavioral 
categories.  It  is  interesting  to  point  out  at  this 
time  that  passenger  car  and  truck  medial  strip 
involvements  occur  significantly  often  under 
each  of  the,  more  or  less,  adverse  roadway  con- 
ditions. 

Table  11-3,  Chapter  II  further  points  out 
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TABLE  111-12 

Significant  Relationships  Between  Wet  Roadway  Conditions  and  Various  Accident  Factors 

(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

*High  low 

High  Low 

How  Vehicle  Was 

Medial  Strip,  Running  Rear  End 

Medial  Strip  Fire 

Involved 

Off  Roadway 

Plaee  of  Occurrence 

Within  Tunnel 

Within  Tunnel 

Number  of  Vehicles 

Single  Vehicle  2 Vehicles 

Involved 

Estimated  Initial 

41-50  M.P.H. 

31-40  M.P.H. 

Speed 

Roadway  Element 

Curved  Level  Straight  Up 

* High-Low:  Areas  that  are 

significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 

that  passenger  car  running  off  roadway  accidents 
are  related  to  the  driver’s  deficiencies  in  routine 
driving  skills  as  well  as  his  failure  to  cope  with 
the  roadway  conditions. 

Place  of  Occurrence:  While  better  than 
80%  of  all  vehicle  involvement  occurred  on  the 
normal  main  line  section  of  the  highway,  a sig- 
nificantly high  number  of  Wet  Roadway  acci- 
dents occurred  within  tunnels.  In  so  far  as  snow, 
slush  and  ice  are  rarely  found  within  tunnels,  this 
deviation  is  not  surprising.  In  addition  snowy, 
slushy,  or  icy  conditions  on  the  roadway  outside 
of  tunnels  might  easily  contribute  to  a wet  road- 
way condition  within  the  tunnel  itself. 

Number  of  Vehicles  Involved:  A higher 
than  expected  number  of  passenger  car  involve- 
ments on  Wet  Roadway  were  single  vehicle  acci- 
dents. Truck  involvement  showed  no  relation- 
ship to  the  number  of  vehicles  involved.  Passen- 
ger car  driver  Failure  to  Cope  With  Road  Con- 
ditions and  Deficiencies  in  Routine  Driving  Skills 
frequently  resulted  in  single  vehicle  accidents, 
however. 


Estimated  Initial  Speed:  Here,  as  was  found 
in  the  consideration  of  Weather  Conditions,  as 
the  environment  category  increases  in  driving 
task  difficulty  as  measured  by  vehicle  involve- 
ment rate,  the  driver's  stated  estimated  initial 
speed  drops.  A significantly  high  number  of  pas- 
senger car  Wet  Roadway  involvements  occurred 
at  Estimated  Initial  Speeds  of  41-50  M.P.H.,  ap- 
proximately ten  miles  per  hour  slower  than 
under  Dry  Roadway  conditions.  The  same  devi- 
ation from  Dry  Roadway  speeds  was  noted  for 
trucks.  A disproportionate  number  of  truck  in- 
volvements occurred  at  stated  speeds  of  31-40 
M.P.H.  These  deviations  are  difficult  to  explain 
in  view  of  the  findings  of  the  radar  research  con- 
ducted by  the  field  survey  team.  Passenger  cars 
were  found  to  slow  down  but  slightly  on  wet 
roadway  while  truck  wet  roadway  speeds  were 
not  appreciably  different  from  dry  roadway 
speeds.  It  is  possible  that  drivers  involved  in 
accidents  underestimated  their  speed  on  the  acci- 
dent report  in  some  cases.  Of  course  it  is  also 
possible  that  the  drivers  who  traveled  in  these 
medium  speed  ranges  w'ere  the  ones  who  got 
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themselves  into  trouble.  Driver  behaviors  at  the 
various  speeds  are  covered  in  Chapter  II,  Page 
76. 

Roadway  Element:  Although  truck  involve- 
ments showed  no  relationship  to  the  roadway 
elements,  passenger  car  Wet  Roadway  accident 
involvement  occurred  disproportionately  often 
on  curved  level  roadway.  While  Failure  to  Cope 
With  Road  Conditions  is  logically  inferred  in 
adverse  roadway  conditions.  Deficiencies  in 
Routine  Driving  Skills  contributed  dispropor- 
tionately to  curved  level  passenger  car  involve- 
ments and  could  be  an  important  factor  in  the 
case  of  Wet  Roadway  also. 

Summary:  Wet  Roadway  is  directly  asso- 
ciated with  rain  and  melting  snow.  In  addition 
wet  roads  are  found  occasionally  under  condi- 
tions of  clear-cloudy  weather  as  a holdover 
from  rain  or  snow.  This  accounts  for  the  slightly 
lower  accident  rate  for  wet  roadway  as  com- 
pared to  the  accident  rate  under  precipitation.  It 
will  be  remembered  that  there  were  2.5  acci- 


dents per  million  vehicle  miles  traveled  under 
precipitation  conditions  and  1.9  accidents  per 
million  vehicle  miles  driven  under  wet  roadway. 
These  compare  to  a dry  pavement  rate  of  1.1 
accidents  per  million  vehicle  miles. 

The  two  major  factors  contributing  to  the 
driver  task  here  are  the  same  as  those  discussed 
under  Raining  Weather  Conditions;  poor  visi- 
bility, and  reduced  traction  between  tire  and 
road  surface.  Considering  these  factors  it  is  ap- 
parent why  these  accidents  were  significantly 
related  to  Failure  to  Cope  With  Road  Condi- 
tions and  Misperception. 

SNOWY  AND  SLUSHY  ROADWAY 

As  can  be  seen  from  Table  III- 10  Snowy 
and  Slushy  Roadway  conditions  were  found  to 
be  significantly  related  to  Failure  to  Cope  with 
Road  Conditions.  Snowy  and  Slushy  conditions 
accounted  for  a relatively  low  percentage  of  total 
passenger  car  and  truck  involvement  in  acci- 
dents. The  vehicle  involvement  rate  of  Snowy 
and  Slushy  Roadway  was,  however,  second  only 
to  Icy  Roadway  conditions. 


TABLE  111-13 

Significant  Relationships  Between  Snowy  and  Slushy  Roadway  Conditions  and  Various  Accident  Factors 

(1941-1952) 


Accident  Factors 

Passenger  Cars 

Trucks 

*High 

Low 

High 

Low 

How  Vehicle  Was 
Involved 

Stopped,  Stop- 
ping, Parked 
Medial  Strip 

Stopped,  Stop- 
ping, Parked 
Medial  Strip 
Sideswiping 

Fire 

Age  of  Driver 

26-35  Age 

46-55  Age 

1 6-25  Age 

Estimated  Initial 
Speed 

21-30  M.P.H. 

5 1-Over  M.P.H. 

1 1-20  M.P.H. 

31-Over  M.P.H. 

Number  of  Vehi- 
cles Involved 

3 or  More 

Single  Vehicle 

2 or  More 

Single  Vehicle 

Roadway  Element 

Straight  Down 

Straight  Up 

'^'High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 
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How  Vehicle  Was  Involved:  A significantly 
high  number  of  both  passenger  cars  and  trucks 
were  involved  in  stopped-stopping-parked  and 
medial  strip  accidents  during  Snowy  or  Slushy 
Roadway  conditions.  Trucks  also  were  involved 
in  a disproportionately  high  number  of  side- 
swiping  involvements  under  these  conditions. 

Table  IT3,  Chapter  II  points  out  the  sig- 
nificant relationship  of  stopped-  stopping-parked 
accidents  and  sideswiping  accidents  to  Illegal 
and  Unsafe  Actions  on  the  part  of  the  drivers. 
While  Illegal  and  Unsafe  Actions  are  dangerous 
under  any  roadway  condition,  the  combination 
of  the  actions  with  snowy  and  slushy  roadway 
resulted  in  a significantly  high  number  of  these 
involvements. 

The  medial  strip  deviation,  noted  above, 
resulted  primarily  from  Failure  to  Cope  With 
Road  Conditions. 

Age  of  Driver:  A significantly  high  number 
of  passenger  car  drivers  in  the  26-35  age  range 
and  truck  drivers  in  the  46-55  age  range  were 
involved  in  accidents  during  Snowy-Slushy  con- 
ditions. No  clue  as  to  the  cause  of  these  devia- 
tions was  found  through  reference  to  driver  be- 
haviors at  the  various  age  levels.  Further,  and 
more  specific,  research  would  be  required  to 
uncover  the  true  significance  and  cause  of  these 
deviations.  It  can  be  assumed,  however,  that  on 
the  basis  of  the  data  presently  available  drivers 
in  these  age  ranges  were  less  successful  in  coping 
with  snowy  and  slushy  roadway  than  were 
drivers  generally. 

Estimated  Initial  Speed:  The  relationship 
between  the  drivers  stated  speed  and  the  vehicle 
involvement  rate  of  the  specific  categories  has 
already  been  touched  upon.  Snowy  and  Slushy 
conditions  are  no  exception.  A significantly  high 
number  of  passenger  cars  were  involved  in  ac- 
cidents under  these  roadway  conditions  at  speeds 
of  21-30  M.P.H.  Truck  11-20  M.P.H.  involve- 
ments were  also  higher  than  expected  for  snowy 


and  slushy  roadway.  Table  II-9,  Chapter  II 
points  out  the  significant  relationship  of  passen- 
ger car  21-40  M.P.H.  involvements  and  truck 
11-30  M.P.H.  involvements  to  Failure  to  Cope 
With  Road  Conditions.  It  appears  reasonable  to 
assume  that  the  Failure  to  Cope  With  Road  Con- 
ditions category  represents  the  primary  factor 
in  Snowy-Slushy  accidents  at  the  various  speeds. 

Number  of  Vehicles  Involved:  A signifi- 
cantly high  number  of  both  passenger  car  and 
truck  involvements  on  Snowy  and  Slushy  high- 
way were  multiple  vehicle  accidents.  Single  ve- 
hicle involvements  were  disproportionately  low. 
As  was  mentioned  previously,  multiple  vehicle 
accidents  generally  involved  Illegal  or  Unsafe 
Actions  on  the  part  of  one  or  more  of  the  par- 
ticipants to  the  accident.  The  multiplicity  un- 
doubtedly contributes  substantially  to  the  rela- 
tively high  vehicle  involvement  rate  of  this  cate- 
gory. 

Roadway  Element:  No  relationship  was 
discovered  between  Snowy  and  Slushy  passenger 
car  acidents  and  the  various  Roadway  Elements. 
It  can  be  assumed,  therefore,  that  each  of  the 
different  Roadway  Elements  contributed  propor- 
tionately to  passenger  car  involvement  under 
these  conditions. 

Truck  involvement,  on  the  other  hand,  was 
significantly  high  on  straight  down  roadway. 
With  the  exception  of  the  inferred  failure  of 
drivers  to  cope  with  snowy  and  slushy  conditions 
specific  reasons  for  this  deviation  are  difficult 
to  determine. 

Summary:  The  factors  in  operation  on  Wet 
Roadway  were  also  found  to  be  in  operation 
under  Snowy  and  Slushy  conditions.  Multiple  ve- 
hicle accidents,  however,  were  significantly  re- 
lated to  Snowy  and  Slushy  conditions. 

While  these  accidents  were  significantly 
related  to  Failure  to  Cope  With  Road  Condi- 
tions it  is  likely  that  were  more  data  available 
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many  of  these  accidents  would  be  classified  un- 
der such  categories  as,  Deficiencies  in  Routine 
Driving  Skills,  Illegal  and  Unsafe  Actions  and 
Misperception. 

ICY  ROADWAY 

Icy  Roadway  was  found  to  have  the  highest 
estimated  vehicle  involvement  rate  of  any  Road- 
way Condition  category.  Icy  Roadway  involve- 
ments were  found  to  be  significantly  related  to 
Failure  to  Cope  with  Road  Conditions.  As 
was  the  case  with  other  Roadway  Condition 
categories.  Icy  Roadway  likely  has  an  important 
effect  on  vehicle  exposure.  In  so  far  as  traffic 
slows  appreciably  under  this  condition,  traffic 
density  and  traffic  pattern  are  also  affected  by 
Icy  Roadway  conditions. 


How  Vehicle  Was  Involved:  The  types  of 
accidents  which  occurred  on  Icy  Roadway 
were  substantially  the  same  as  those  which  oc- 
curred on  Snowy  and  Slushy  Roadway.  A sig- 
nificantly high  number  of  both  passenger  cars 
and  trucks  were  involved  in  medial  strip  acci- 
dents on  icy  roadway.  Passenger  cars  were  also 
involved  in  a disproportionately  high  number  of 
stopped-stopping-parked  accidents. 

The  relationship  of  these  specific  type  ac- 
cidents to  the  various  driver  behaviors  has  al- 
ready been  pointed  out.  Medial  strip  accidents 
occurred  significantly  often  as  a result  of  Driver 
Failure  to  Cope  With  Road  Conditions.  Illegal 
and  Unsafe  Actions,  on  the  other  hand,  were  the 
prime  causal  factors  of  stopped-stopping  or 
parked  accidents. 


TABLE  111-14 

Significant  Relationships  Between  Icy  Roadway  Conditions  and  Various  Accident  Factors 

(1941-1952) 

Passenge 

r Cars 

Trucks 

Accident  Factors 

♦High 

Low 

High 

Low 

How  Vehicle  Was 

Involved 

Stopped-Stopping- 

Parked 

Medial  Strip 

Medial  Strip 

Fire 

Place  of  Occur- 
ence 

Bridges 

Within  Tunnel 

Tunnel  App.  and 
Portal 

Within  Tunnel 

State  of 

Registration 

Out  of  State 

In  State 

Number  of  Vehi- 
cles Involved 

3 or  More 

Single  Vehicle 

3 or  More 

Single  Vehicle 

Age  of  Driver 

26-35  Age 

Estimated  Initial 
Speed 

11-40  M.P.H. 

41 -Over  M.P.H. 

1-30  M.P.H. 

31 -Over  M.P.H. 

Roadway  Element 

Straight  Down 
Curved  Up 

Curved  Down 

Straight  Level 

Curved  Down 

Straight  Up 

^High-Low:  Areas  that 

are  significantly  higher 

or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 
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In  concluding  the  analysis  of  How  Vehicle 
Was  Involved  by  Roadway  Conditions  one  point 
must  be  stressed.  In  reviewing  this  section  it  will 
be  noted  that  no  significant  relationships  were 
discovered  between  rear-end  collisions  and  any 
of  the  various  roadway  conditions.  Rear-end 
collisions  were,  however,  seen  to  be  significantly 
low  for  passenger  cars  on  Wet  Roadway.  It 
should  not  be  concluded  from  this  apparent  lack 
of  significant  relationship  that  rear  end  collisions 
are  an  unimportant  category.  Just  the  opposite  is 
true.  The  greatest  percentage  of  accidents  under 
any  of  the  Roadway  Conditions  were  rear-end 
accidents.  It  is  apparent,  though,  that  little,  or 
no,  relationship  exists  between  rear-end  colli- 
sions and  the  various  Roadway  Conditions.  Any 
remedial  measures  directed  at  rear  end  collisions 
can  be  expected  to  be  equally  effective  on  all 
roadway  conditions. 

Place  of  Occurrence:  A disproportionately 
high  number  of  passenger  cars  were  involved  in 
accidents  on  major  or  minor  bridges  on  Icy 
Roadway,  while  truck  drivers  experienced  sig- 
nificantly more  difficulty  at  tunnel  approaches 
and  portals. 

Bridges  normally  accumulate  ice  faster  and 
retain  it  longer  than  other  sections  of  the  road- 
way. The  element  of  surprise  likely  enters  into 
the  significantly  high  number  of  passenger  car 
involvements  on  icy  bridges.  Lack  of  familiarity 
with  the  roadway  likely  plays  an  important  part 
in  this  deviation.  Further  research  is  required  to 
more  accurately  pin  point  the  difficulty.  It  should 
be  noted,  however,  that  of  all  passenger  car  Icy 
Roadway  involvements  less  than  2.5%  occurred 
on  bridges  (34  passenger  cars  for  the  12  year 
period  1941-1952). 

A similar  situation  is  noted  in  relation  to 
the  significantly  high  frequency  of  truck  involve- 
ments at  tunnel  approaches  and  portals.  Of  all 
Icy  Roadway  truck  involvements  in  accidents 
6%  occurred  at  tunnel  approaches  and  portals. 
While  most  of  the  behavioral  categories  covered 
in  Chapter  II  could  account  for  a deviation  of 
this  nature  further  research  would  be  required  to 


isolate  a single  or  group  of  driver  behaviors 
which  contributed  disproportionately. 

In  actual  frequency  of  both  passenger  car 
and  truck  involvements  the  main  line  normal 
section  of  roadway  overshadows  all  other  Place 
categories. 

State  of  Registration:  Out-of-state  pas- 
senger car  drivers  contribute  disproportionately 
to  the  Icy  Roadway  accidents.  In  relation  to 
this  deviation  it  is  pointed  out  in  Chapter  II  that 
Pennsylvania  passenger  car  drivers  were  involved 
in  significantly  fewer  accidents  attributable  to 
Failure  to  Cope  With  Road  Conditions  than 
were  out-of-state  drivers.  It  is  further  pointed 
out  that  this  relationship  is  likely  due  to  the 
option  the  local  driver  has  to  stay  at  home  during 
inclement  weather  conditions. 

In  view  of  the  lack  of  significant  difference 
between  in-state  and  out-of-state  drivers  in  rela- 
tion to  any  behavior  category,  it  can  safely  be 
assumed  that  little,  if  any.  difference  exists  in 
the  basic  driving  skills  of  the  two  groups. 

Number  of  Vehicles  Involved:  A dispro- 
portionate number  of  passenger  car  and  truck 
Icy  Roadway  accidents  involved  three  or  more 
vehicles.  In  view  of  the  relationship  between  Icy 
Roadway  accidents  and  Failure  to  Cope  With 
Road  Conditions  pointed  out  in  Table  III- 10  it 
must  be  assumed  that  the  above  deviation  re- 
sulted primarily  from  a combination  of  passen- 
ger car  and  truck  driver  Failure  to  Cope  With 
Icy  Roadway.  In  addition,  however,  truck  mul- 
tiple vehicle  accidents  were  also  found  to  be  sig- 
nificantly related  to  Illegal  and  Unsafe  Actions 
on  the  part  of  the  drivers.  As  was  the  case  with 
Snowy  and  Slushy  Roadway,  the  combination  of 
these  two  factors  led  to  a disproportionate  num- 
ber of  three  or  more  vehicle  accidents. 

While  passenger  car  three  o more  vehicle 
involvements  were  also  found  tc  ' e related  to 
Illegal  and  Unsafe  Actions  generally,  passenger 
car  accidents  resulting  from  these  actions  were 
significantly  low  on  Icy  Roadway. 


Age  of  Driver:  Passenger  car  drivers  in  the 
26-35  age  range  were  involved  in  a significantly 
high  number  of  Icy  Roadway  accidents.  It  will 
be  remembered  that  this  same  age  range  was 
involved  in  a higher  than  expected  number  of 
Snowy-Slushy  accidents.  As  was  the  case  in  the 
consideration  of  26-35  year  old  driver  involve- 
ment frequency  on  Snowy  and  Slushy  Roadway, 
no  relationship  was  found  between  their  involve- 
ment on  Icy  Roadway  and  the  various  driver  be- 
haviors. 

Whether  some  inherent  factor  is  responsible 
for  this  deviation  or  whether  the  deviation  is  the 
result  of  exposure  remains  for  future  research 
to  ascertain.  It  can  be  stated,  however,  that  on 
the  basis  of  data  presently  available,  passenger 
car  drivers  between  the  age  of  26-35  were  less 
successful  in  coping  with  Snowy,  Slushy,  or  Icy 
roadway  than  were  drivers  in  the  other  age 
categories. 

Estimated  Initial  Speed:  Vehicle  involve- 
ment in  accidents  on  Icy  Roadway  occurred  sig- 
nihcantly  often  at  the  lower  speed  ranges.  A dis- 
proportionate number  of  passenger  cars  were 
involved  at  speeds  of  11-40  M.P.H. — trucks  at 
speeds  of  1 -30  M.P.H. 

These  low  speed  accidents  were  found  to 
result  from  driver  Failure  to  Cope  With  Road 
Conditions  in  a significant  number  of  cases. 
Illegal  and  Unsafe  Actions,  however,  also  oc- 
curred signihcantly  frequently  at  these  lower 
speeds  to  justify  their  inclusion  as  one  of  the 
prime  causal  factors  in  these  accidents. 

It  should  be  remembered  in  connection 
with  these  Icy  Roadway  accidents  that  the 
phrase  “Icy  Roadway”  includes  roadway  that 
had  icy  spots  as  well  as  roadway  that  was  pre- 
dominantly ice  covered.  Icy  spots  on  an  other- 
wise dry  highway  add  an  element  of  surprise  to 
the  Icy  Roadway  accident  picture.  Icy  spots  may 
actually  have  a greater  accident  potential,  be- 


cause of  the  surprise  element,  than  roadway 
which  is  predominantly  icy. 

That  drivers  are  apparently  aware  of  the 
hazards  of  icy  roadway  is  indicated  by  the  re- 
duction in  average  speeds  during  these  condi- 
tions as  compared  to  the  average  speeds  on  dry 
or  wet  roadway. 

Roadway  Element:  A disproportionately 
high  number  of  passenger  cars  were  involved  in 
straight  down,  curved  up  and  curved  down  ac- 
cidents on  Icy  Roadway.  Truck  Icy  Roadway 
involvements,  on  the  other  hand,  were  found 
to  be  significantly  high  on  curved  down  road- 
way only. 

While  Failure  to  Cope  With  Road  Condi- 
tions was  a prime  factor  in  both  the  passenger 
car  and  truck  deviations,  passenger  car  curved 
down  accidents  resulted  significantly  often  as  a 
result  of  Deficiencies  in  Routine  Driving  Skills. 
Many  of  the  accidents  attributable  to  driver  Fail- 
ure to  Cope  With  Road  Conditions  would  un- 
doubtedly be  classed  as  Deficiencies  in  Routine 
Driving  Skills  were  more  information  relative  to 
these  accidents  available.  Applying  brakes  sud- 
denly on  an  icy  road,  for  example,  would  most 
likely  fall  into  the  Deficiencies  in  Routine  Driv- 
ing Skills  category  if  the  background  to  the  ac- 
cident and  alternative  courses  of  action  were 
known. 

Summary:  The  reclassification  of  many  ac- 
cidents were  additional  data  available  is  as  ap- 
plicable here  as  under  the  discussion  of  Snowy 
and  Slushy  Roadway  conditions.  That  Icy  road- 
way is  extremely  hazardous  cannot  be  denied. 
A realization  of  the  difficulty  of  the  driving  task 
and  an  awareness  on  the  part  of  the  driver  of 
the  proper  action  to  be  employed  on  icy  road- 
way, would  materially  contribute  to  a reduction 
in  the  hazards  of  this  roadway  condition.  Reme- 
dial consideration,  however,  must  depend  on 
further  research. 
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ANALYSIS  OF  ROADWAY  ELEMENT  The  Roadway  Element  category  has  been  broken  down  into  six  basic 
sections;  Straight-level,  Straight-up,  Straight-down,  Curved-level,  Curved-up  and  Curved-down.  It  was 
felt  at  the  start  of  the  research  that  each  of  these  elements  would  place  different  demands  on  driving 
skill  and  ability. 

By  way  of  background  to  the  consideration  of  Roadway  Element  as  a factor  in  the  driving  en- 
vironment, it  is  important  to  note  that  the  Turnpike  has  a maximum  curve  radius  of  6°,  maximum 
grade  of  3 % , and  minimum  sight  distance  of  1 000  feet. 


FIGURE  lll-U 

Percent  of  Vehicle  Involvement  in  Accidents  by  Roadway  Element 

(1941-1952) 


PASSENGER  CARS 


TRUCKS 


1 . Vehicle  Involvement  Frequency: 

Of  the  various  types  of  roadcourse,  Straight- 
level  accounted  for  the  greatest  number  of  ve- 
hicle involvements  in  accidents.  This  Roadway 
Element  accounted  for  37.4%  of  all  passenger 
car  and  33.2%  of  all  truck  involvements.  Ap- 
proximately 75%  of  total  vehicle  involvement 
occurred  on  Straight  roadcourse. 


2.  Vehicle  Involvement  Rate: 

Straight  roadway  was  found  to  have  a 
slightly  higher  vehicle  involvement  rate  than 
Curved  roadway.  For  the  year  1952  there  were 
2.5  vehicles  involved  in  accidents  for  every  mil- 
lion vehicle  miles  traveled  on  Straight  road- 
course. Curved  roadway,  on  the  other  hand,  had 
an  involvement  rate  of  2.1  vehicles  involved  per 
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million  vehicle  miles  traveled.  For  the  purpose 
of  computing  these  rates.  Straight  roadway  was 
considered  as  running  from  0°  to  30'  curvature. 
This  modification  was  deemed  advisable  in  order 
to  compensate  for  the  subjective  judgment  of  the 
reporting  officer  in  assigning  a specific  roadway 
element  to  the  place  of  an  accident  occurrence. 
The  frequency  of  occurrence  was  thus  applicable 
to  the  determination  of  vehicle  involvement  rate 
per  unit  of  roadway.  In  the  cases  where  Level 
roadway  is  mentioned,  the  officer’s  statement  was 
used  as  the  criterion  recognizing  that  there  is  no 
absolute  level  roadway  on  the  Turnpike.  A spot 
check  of  accident  reports  revealed  a general  con- 
sistency in  the  reporting  officer’s  judgment  of 
level  roadway. 

In  view  of  these  rates,  it  can  be  assumed 
that  Straight  roadway  may  possibly  create  a false 
sense  of  security  in  the  driver.  Curved  roadway 
is  generally  assumed  to  require  greater  driving 
skill  and  attention  to  negotiate  than  Straight 
roadway.  This  very  difficulty  may  serve  to  keep 
the  driver  more  alert  and  attentive  to  the  driving 
task,  resulting  in  a lower  accident  involvement 
rate. 


It  is  recognized  that  while  the  overall  rates 
established  themselves  as  they  did,  there  are 
combinations  of  heavy  grades  and  sharp  curves 
in  specific  areas  of  the  Turnpike  that  have  a 
higher  rate  than  the  overall  curve  and  straight 
rates.  This  is  a point  for  further  specific  research, 
the  approach  here  being  to  point  up  the  general 
findings  to  date. 

3.  Roadway  Element  And  Driver  Behavior: 

Passenger  car  accidents  on  Straight-level 
roadway  were  found  to  be  disproportionately 
high  as  a result  of  Failure  to  Avoid  Objects  in 
Road.  Higher  speeds  and  relatively  light  vehi- 
cles here  again,  most  likely  account  for  this  de- 
viation particularly  at  night.  It  is  noted  in  the 
following  table  that  truck  accidents  in  this  cate- 
gory approximate  chance  frequency  as  they  did 
under  Clear-Cloudy  weather  and  Dry  Roadway 
conditions. 

Both  passenger  car  and  trucks  Asleep  and 
Misperception  accidents  were  significantly  high 
on  Straight-up  roadway.  A significantly  high 
number  of  vehicles  were  involved  in  rear-end 
collisions  on  this  road  element.  Relative  to  other 


TABLE  111-15 

Behavioral  Areas  of  Higher  Than  Expected  Accident  Frequency  by  Roadway  Element 

(1952-1953  Data) 

Roadway  Element 

Passenger  Cars 

Trucks 

Straight  Level 

Failure  to  avoid  objects 
in  road 

Straight  Up 

Asleep 

Asleep 

Misperception 

Misperception 

Straight  Down 

’Vehicle  failures 

Curved  Level 

Curved  Up 

Deficiencies  in  routine 
driving  skills 

Curved  Down 

Failure  to  cope  with  road 

Failure  to  cope  with  road 

conditions 

Deficiencies  in  routine 
driving  skills 

conditions 
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Roadway  Elements,  greater  differenee  exist  be- 
tween passenger  car  and  truck  speed  on  Straight- 
up  section  of  highway.  This  is  evidenced  by  the 
disproportionately  high  number  of  truck  involve- 
ments at  speeds  of  11-20  mph.  Rear-end  colli- 
sions resulting  from  driver  error  in  judging  the 
rate  of  closure  of  his  vehicle  may  logically  be 
expected  to  be  high  on  straight-up  roadway 
where  trucks  travel  at  slower  speed. 

Passenger  cars  were  involved  in  a high 
number  of  Vehicle  Failures  on  Straight-down 
roadway.  Brake  failure  on  Straight-down  road- 
way probably  contribute  substantially  to  the  de- 
viation in  this  category. 

Deficiencies  in  Routine  Driving  Skills  were 
found  to  be  high  for  passenger  cars  on  Curved- 
level  roadway.  It  is  readily  apparent  that  actions 
such  as:  tramping  on  gas  on  icy  highway,  cut- 
ting wheels  too  sharply  on  curve  or  wet  road- 
way, and  trying  to  slow  down  while  making  a 
curve  probably  played  an  important  part  in 
Curved-level  accidents  in  spite  of  the  fact  that 
the  curves  are  banked  for  travel  at  the  higher 
speed  ranges. 

Both  passenger  cars  and  trucks  were  in- 
volved in  a disproportionately  high  number  of 
Curved-down  accidents  as  a result  of  Failure  to 
Cope  With  Road  Conditions.  Curved-down  in- 
volvements were  disproportionately  high  during 
Icy  Roadway  conditions,  as  was  pointed  out 
previously.  These  accidents  were  predominantly 


medial  strip  and  running  off  roadway  accidents. 
While  Failure  to  Cope  With  Road  Condition 
occurred  predominantly  at  “moderate  speeds” 
(21-40  mph  passenger  car  — 11-30  mph 
trucks),  the  modification  was  apparently  insuf- 
ficient to  compensate  for  the  difficulty  of  the  task 
and  the  drivers  ability.  This  is  further  evidenced 
by  the  significantly  high  number  of  Curved-down 
passenger  car  accidents  resulting  from  Deficien- 
cies in  Routine  Driving  Skills. 

4.  Further  Significant  Relationships: 

STRAIGHT  LEVEL  ROADWAY 

How  Vehicle  JVas  Involved:  A dispropor- 
tionate number  of  passenger  cars  were  involved 
in  rear-end  collision  on  Straight-level  roadway. 
Table  II-3  points  up  the  relationship  between 
rear-end  collisions  and  the  behavioral  factors  of 
Asleep,  Misperception  and  Illegal  and  Unsafe 
Actions. 

A significantly  high  number  of  trucks  were 
involved  in  stopped-stopping-parked  and  fire  ac- 
cidents on  Straight-level  roadway.  Fire  accident 
involvement,  as  has  been  previously  pointed  out, 
was  almost  exclusively  the  result  of  Vehicle 
Failures.  Stopped-stopping-parked  involvements, 
on  the  other  hand,  were  found  to  be  significantly 
related  to  driver  Illegal  and  Unsafe  Actions. 

Both  of  the  above  passenger  car  and  truck 
deviations  serve  to  substantiate  the  assumption 
that  the  very  ease  of  negotiating  straight  road- 


TABLE  111-16 

Significant  Relationships  Between  Straight  Level  Roadway  and  Various  Accident  Factors 

(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

*High  Low 

High 

Low 

How  Vehicle  Was 
Involved 

Rear-End  Overturning 

Stopped 

Stopping 

Parked 

Fire 

Medial  Strip 
Overturning 

Estimated  Initial  Speed 

0-10  mph  61-70  mph 

— 

1 1 -20  mph 

'*High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 
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way  may  actually  increase  the  accident  potential 
of  this  roadway  element.  It  should  be  emphasized 
that  the  causal  factor  here  is  not  inherent  in  the 
roadway  itself;  rather  cause  must  be  attributed 
to  the  driver  behavior  on  this  roadcourse. 

Estimated  Initial  Speed:  A signihcantly 
high  number  of  passenger  cars  were  involved  in 
accidents  at  0-10  mph.  It  is  evident  from  the 
speed  range  involved  and  the  rear-end  collision 


roadway  elements  the  greatest  speed  differential 
between  passenger  cars  and  trucks  is  found  on  up 
grades.  Here  again  the  ease  of  the  driving  task 
may  enter  the  picture.  Curved-up  roadway  may 
serve  to  keep  the  driver  more  alert  to  the  driv- 
ing task  than  does  Straight-up  roadway. 

Number  of  Vehicles  Involved:  A signifi- 
cantly high  number  of  both  passenger  car  and 
truck  accidents  on  Straight-up  roadway  involved 


TABLE  111-17 

Significant  Relationships  Between  Straight  Up  Roadway  and  Various  Accident  Factors 

(1941-1952) 

Passenger  Cars 

Trucks 

Accident  Factors 

♦High  Low 

High 

Low 

How  Vehicle  Was  Involved 

Rear  End  Overturning 

Rear  End 

Overturning 

Number  of  Vehicles 

2 Vehicles  Single  Vehicle 

2 Vehicles 

Single  Vehicle 

2 or  More 

3 or  More 

Vehicles 

Vehicles 

Age  of  Driver 

— — 

26-35  Years 

— • 

Estimated  Initial  Speed 

— 1-lOM.P.H. 

11-20  M.P.H. 

41-50  M.P.H. 

* High-Low:  Areas  that  are  significa 

ntly  higher  or  lower  than  would  be 

expected  on  the  basis 

of  chance  alone. 

deviation  that  many  of  these  accidents  were  rear- 
end  accidents  involving  parked  vehicles  and  ve- 
hicles entering  or  leaving  the  roadcourse.  A dis- 
proportionate number  of  these  lower  speed  range 
accidents  resulted  from  Illegal  or  Unsafe  Actions 
on  the  part  of  drivers.  A portion  of  the  high  in- 
volvement rate  on  Straight  roadway  is  probably 
attributable  to  the  disproportionate  number  of 
stopped,  stopping  or  parked  vehicles  found  on 
Straight  roadway  as  opposed  to  Curved  roadway. 

STRAIGHT  UP  ROADWAY 

How  Vehicle  Was  Involved:  A significantly 
high  number  of  both  passenger  cars  and  trucks 
were  involved  in  rear-end  collisions  on  Straight- 
up  roadway.  The  behavioral  categories  covered 
in  the  last  section  (Straight-level  roadway)  are 
equally  applicable  here.  One  additional  point, 
however,  should  be  mentioned.  Of  the  various 


two  vehicles.  This  deviation,  however,  is  not  sur- 
prising in  view  of  the  high  number  of  rear-end 
collisions  on  this  roadway  element. 

Asleep,  Misperception,  and  Illegal  and  Un- 
safe Actions  were  discovered  to  be  significantly 
related  to  two  vehicles  accidents,  as  they  were  to 
rear-end  collisions. 

Age  of  Driver:  No  significant  relationships 
were  discovered  between  the  age  of  passenger 
car  drivers  and  Straight-up  vehicle  involvement. 

A disproportionately  high  number  of  truck 
drivers  26-35  years  of  age  were  involved  in 
Straight-up  accidents.  This  deviation  is  compli- 
cated by  the  fact  that  no  relationships  were  found 
between  the  age  of  truck  drivers  and  the  various 
behavioral  factors.  While  it  is  important  to  state 
that  this  deviation  was  discovered,  little  value 
can  be  gained  from  drawing  hypotheses  on  the 


122 


basis  of  the  data  presently  available. 

Estimated  Initial  Speeds:  As  might  be  ex- 
pected from  the  nature  of  rear-end  collisions,  a 
significantly  high  number  of  truck  Straight-up 
accident  involvements  occurred  at  speeds  of  1 1- 
20  m.p.h.  Conversely,  significantly  few  trucks 
were  involved  in  Straight-up  accidents  at  speeds 
of  41-50  m.p.h.  It  is  evident  from  this  speed 
deviation  that  trucks  were  most  often  the  struck 


thesis  that  Vehicle  Failures  contributed  dispro- 
portionately to  truck  Straight-dov.  n accidents. 
The  frequency  of  3 or  more  vehicle  accidents,  as 
has  been  previously  mentioned,  is  indicative  of 
illegal  or  unsafe  actions  on  the  part  of  passenger 
car  and  truck  drivers. 

Significantly  few  passenger  cars  were  in- 
volved in  accidents  on  Straight-down  roadway  at 
speeds  of  5 1-60  m.p.h.  Conversely  truck  involve- 


TABLE  111-18 

Significant  Relationships  Between  Straight  Down  Roadway  and  Various  Accident  Factors 

(1941-1952) 


Passenger  Cars  Trucks 


Accident  Factors 

♦High 

Low 

High 

Low 

How  Vehicle  Was  Involved 

— 

— 

Overturning 

Rear  End 

Number  of  Vehicles  Involved 

3 or  More 

2 Vehicles 

Single  Vehicle 

2 Vehicles 

3 or  More 

Estimated  Initial  Speed 

— - 

51-60  m.p.h. 

— 

1 1-20  m.p 

* High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 


rather  than  the  striking  vehicle.  The  role  of  Mis- 
perception and  Asleep,  therefore,  must  be  at- 
tributed to  the  passenger  car  drivers  involved  in 
these  accidents. 

STRAIGHT  DOWN  ROADWAY 

No  relationships  were  discovered  between 
passenger  car  involvements  on  Straight-down 
roadway  and  type  of  involvement.  A dispropor- 
tionately high  number  of  trucks,  however,  were 
involved  in  overturning  accidents  on  Straight- 
down  roadway  element.  Although  no  relation- 
ships appeared  between  truck  Straight-down  ac- 
cidents generally  and  the  various  driver  behav- 
iors, Vehicle  Failures  played  an  important  part 
in  overturning  accidents  generally. 

Both  passenger  car  and  truck  three  or  more 
vehicle  involvements  were  significantly  high  on 
Straight-down  roadway.  Truck  single  vehicle  ac- 
cidents were  also  higher  than  expected  on 
Straight-down  roadway,  strengthening  the  hypo- 


ment  on  Straight-down  roadway  was  significantly 
infrequent  in  the  lower  speed  range — 11-20 
m.p.h.  While  the  truck  deviation,  in  this  case, 
can  likely  be  attributed  to  exposure,  the  passen- 
ger car  deviation  is  somewhat  surprising  in  view 
of  the  radar  speed  check  findings.  No  logical  ex- 
planation of  this  deviation  is  apparent  on  the 
basis  of  present  data. 

Straight  Roadway  Summary:  Straight  road- 
way is  generally  accepted  as  presenting  the  easi- 
est driving  task  to  the  driver  from  the  standpoint 
of  roadway  elements.  Surprisingly  enough,  how- 
ever, the  vehicle  involvement  rate  on  this  type 
of  roadcourse  is  higher  than  the  curved  roadway 
rate. 

The  very  ease  of  the  driving  task  is  most 
likely  the  predominant  factor  accounting  for  this 
unexpected  rate.  This  “ease”  may  delude  the 
driver  into  grossly  underestimating  the  need  for 
constant  attention  to  the  driving  task  required 


TABLE  111-19 

Signiftcant  Relationships  Between  Curved  Roadway  and  Various  Accident  Factors 

(1941-1952) 


Passenger  Cars 

Trucks 

Accident  Factors 

*'High 

Low 

High  Low 

Curved  Level 

Number  of  Vehicles  Involved 

Single  Vehicle 

3 or  More 



Estimated  Initial  Speed 

51-70  m.p.h. 

0-m.p.h. 



Curved  Up 

How  Vehicle  Was  Involved 

Medial  Strip 

— 

Medial  Strip  — 

Estimated  Initial  Speed 

61-70  m.p.h. 

— 

11-20  m.p.h.  — 

Curved  Down 

How  Vehicle  Was  Involved 

Medial  Strip 
Collision  With 
Object  Other 
than  Vehicle 
Overturning 
Running  Off 
Roadway 

Rear-End 

Medial  Strip  Rear-End 

Overturning 

Running  Off 

Roadway 

* High-Low:  Areas  that  are  significantly  higher  or  lower  than  would  be  expected  on  the  basis  of  chance  alone. 


under  all  environmental  conditions. 

The  significantly  high  number  of  accidents 
which  resulted  from  Asleep  and  Misperception 
on  straight  roadway  serve  to  substantiate  this 
conclusion. 

CURVED  ROADWAY 

Curved-Level  Roadway:  While  no  signifi- 
cant relationships  were  discovered  between  truck 
Curved-level  accident  involvement  and  the  vari- 
ous accident  factors,  passenger  car  Curved-level 
accidents  were  disproportionately  often  single 
vehicle  accidents  involving  vehicles  traveling  at 
51-70  m.p.h. 

Table  II-9,  points  up  the  relationship  be- 
tween passenger  car  accidents  at  speeds  of  51-70 
m.p.h.  and  Failure  to  Avoid  Objects  in  Road, 


Asleep,  and  Attending  Other  Tasks.  In  addition 
passenger  car  Curved-level  accidents  were  found 
to  result  significantly  often  from  Deficiency  in 
Routine  Driving  Skills.  (Table  III-15) 

The  driver  behaviors  listed  above  are  poten- 
tial accident  behaviors  on  any  roadway  element 
at  any  speed.  The  combination  of  these  behaviors 
on  a curved  roadcourse  at  the  relatively  higher 
speed,  however,  indisputably  increases  the  acci- 
dent potential.  To  place  speed  in  its  proper  per- 
spective, however,  it  is  interesting  to  note  that 
only  one  of  the  above  classes  of  accidents  would 
have  been  substantially  lowered  by  a reduction 
in  speed.  Driver  failure  to  avoid  objects  in  the 
road  is  undoubtedly  related  to  higher  speeds.  On 
the  other  hand  a driver  who  falls  asleep,  is  in- 
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attentive,  or  is  deficient  in  routine  driving  skills 
is  a hazard  at  any  speed.  Asleep  accidents  on 
curved  level  road  at  51-70  in.p.h.  are  more  likely 
a function  of  the  driver  falling  asleep  than  a 
function  of  the  51-70  m.p.h.  speed. 

Curved-Up  Roadway:  A disproportionate 
number  of  Curved-up  roadway  accidents  were 
medial  strip  accidents.  These  accidents  involved 
a significantly  high  number  of  passenger  cars  at 
speeds  of  61-70  m.p.h.  and  trucks  at  speeds  of 
1 1-20  m.p.h. 

Passenger  car  Curved-up  accident  involve- 
ments appear  to  be  similar,  relative  to  driver 
behavior,  to  passenger  car  Curved-level  involve- 
ments. An  additional  factor,  however,  is  indi- 
cated by  the  type  of  accidents.  Passenger  car 
medial  strip  accidents  occurred  disproportion- 
ately often  as  a result  of  Failure  to  Cope  With 
Road  Conditions. 

Truck  Curved-up  accidents,  as  has  been 
mentioned,  were  disproportionately  often  in  the 
lower  speed  range.  The  low  rate  of  speed  of 
trucks  involved  in  Curved-up  accidents  is  indica- 
tive of  a relationship  between  these  truck  acci- 
dents and  Failure  to  Cope  With  Road  Condi- 
tions. Such  a relationship  is  found  in  Table  II-9 
of  Chapter  II. 

Curved-Down  Roadway:  A striking  simi- 
larity was  found  between  passenger  car  and 
truck  types  of  involvement  on  Curved-down 
roadway.  A significantly  high  number  of  both 
passenger  cars  and  trucks  were  involved  in  me- 
dial strip,  running  off  roadway,  and  overturning 
accidents  on  Curved-down  roadway.  In  addition 
passenger  car  collisions  with  objects  other  than 
vehicles  were  higher  than  expected  on  this  road- 
way element. 

Little  similarity,  however,  was  found  in  the 
driver  and  vehicular  behaviors  which  precipi- 


tated the  accidents.  Truck  overturning  accidents, 
for  example,  were  found  to  be  significantly  re- 
lated to  Vehicle  Failures.  Passenger  car  over- 
turning accidents  were  also  significantly  related 
to  Vehicle  Failure  but  Deficiencies  in  Routine 
Driving  Skills  also  played  an  important  part  in 
passenger  car  overturning  accidents. 

Running  off  roadway  accidents  are  another 
example  of  practically  identical  passenger  car 
and  truck  accidents  precipitated  significantly 
often  by  different  factors.  Passenger  car  acci- 
dents of  this  type  were  significantly  related  to 
Failure  to  Cope  With  Road  Conditions,  and  De- 
ficiencies in  Routine  Driving  Skills.  Truck  run- 
ning off  roadway  accidents,  on  the  other  hand 
occurred  disproportionately  often  as  a result  of 
Vehicle  Failures.  (Table  II-3) 

Passenger  car  accidents  involving  collision 
with  objects  other  than  vehicles  resulted  pre- 
dominantly from  Failure  to  Avoid  Objects  in 
Road.  A relationship  of  this  nature  is  partially 
a function  of  the  terminology  employed  in  set- 
ting up  the  data. 

No  significant  relationships  were  discovered 
between  any  of  the  remaining  accident  factors 
and  the  frequency  of  passenger  car  and  truck 
involvements  on  Curved-down  roadway. 

Curved  Roadway  Summary:  Curved  road- 
way undoubtedly  requires  a greater  degree  of 
driver  skill  and  attention  to  negotiate  than  does 
straight  roadway.  Drivers  generally  appear  to 
meet  these  demands  more  successfully  than  they 
do  the  lighter  demands  of  straight  roadcourse. 
The  Curved  Roadway  vehicle  involvement  rate 
is  slightly  lower  than  the  Straight  Roadway  rate. 

The  increased  demands  of  curved  roadway 
may  actually  serve  to  keep  the  driver  more  atten- 
tive to  the  driving  task — resulting  in  a relatively 
lower  vehicle  involvement  rate. 


GENERAL  CONCLUSIONS  The  preceding  sections  of  the  present  chapter  have  indicated  the  various  ways 
in  which  environmental  variables  interact  with  driver  behaviors.  While  the  environmental  analysis  points 
out  the  effects  of  environment  on  the  driver’s  visibility,  the  vehicle’s  traction,  the  tasks  on  a changing 
road  course,  it  was  soon  discovered  that  the  environment  has  an  additional  and  not  so  apparent  effect 
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on  the  driving  task.  Environmental  conditions  affect  certain  general  living  habits  which  weigh  heavily 
in  the  formation  of  trallic  density  and  traffic  pattern  under  different  conditions  of  place  and  time. 

It  was  found,  for  example,  that  traffic  volume  is  subject  to  such  factors  as  driver  preference  for  so- 
called  “ideal”  environmental  conditions  and  weekend  trip  patterns.  Traffic  patterns  are  related  to  not 
only  traffic  volume  but  also  to  specific  places  such  as  tunnel  portals  and  approaches,  gas  station  areas 
and  interchange  areas  where  vehicles  entering  and  leaving  the  main  line  of  traffic  result  in  a more 
dynamic  traffic  pattern  than  the  more  or  less  static  main  line  normal  section  of  roadway.  In  addition, 
unfavorable  roadway  and  weather  conditions  often  result  in  bunching  of  traffic  not  found  under  better 
environmental  conditions.  Time  of  day,  in  addition  to  its  role  as  a visibility  factor,  is  also  reflected  in 
those  night  time  accidents  resulting  from  falling  asleep.  While  falling  asleep  accidents  occur  under  all 
light  conditions  they  occur  significantly  often  at  night. 

The  fact  that  the  very  great  majority  of  drivers  safely  traverse  the  highway  under  all  weather  and 
road  conditions  would  seem  to  indicate  that  in  general  they  adequately  adapt  their  driving  to  the  existing 
conditions.  The  relationships  which  have  been  discovered  between  environmental  conditions  and 
accident-behaviors  indicate  that  drivers  who  failed  to  adapt  their  driving  procedures  to  existing  condi- 
tions were  the  ones  who  experienced  accidents.  Thus,  inexperienced  drivers  who  fail  to  adapt  their  speed 
to  downhill  curve  conditions  may  be  expected  to  run  off  the  road  with  periodic  regularity;  servicemen 
who  attempt  to  squeeze  a two-week  furlough  into  a three-day  pass  may  be  expected  to  lose  sight  of  their 
driving  limitations  on  the  highway.  These  things  happen.  They  are  actual  events  that  are  causing  the 
present  accidents  on  the  Turnpike,  not  mere  speculation  of  cause. 

The  entire  gamut  of  driver  behaviors  covered  in  this  report  are  basically  what  cause  accidents. 
These  behaviors  are  modified  by  the  environmental  conditions.  The  various  environmental  conditions 
directly  affect  the  difficulty  of  the  driving  task.  However,  drivers  are  not  free  of  malpractice  under  the 
easier  driving  conditions.  Some  behaviors  are,  in  fact,  more  hazardous  under  ideal  conditions.  Regard- 
less of  the  environmental  conditions  and  the  driving  task,  it  must  be  concluded  that  basic  cause  and 
responsibility  lies  with  the  driver.  It  remains  for  future  research  to  demonstrate  various  means  of  in- 
fluencing driver  behavior  so  that  operators  adapt  their  procedures  and  techniques  to  the  requirements 
imposed  by  the  driving  environment. 
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INTRODUCTION 


PURPOSE  OF  THE  REVIEW  Scientific  progress  in 
any  area  of  endeavor  is  always  heavily  depend- 
ent upon  preceding  investigations.  It  is  only  by 
summarizing  and  codifying  existing  data  that 
generalizations  may  be  proposed  which  will  stim- 
ulate further  investigations,  leading,  in  turn,  to 
tangible  progress. 

In  the  field  of  highway  safety,  several  ex- 
cellent comprehensive  reviews  of  research  are 
available  (see  bibliographic  references:  40,  202, 
319).*  Unfortunately,  two  of  these  were  written 
fourteen  years  ago  and  the  other  24  years  ago. 
A substantial  number  of  research  studies  have 
been  conducted  in  the  past  decade  which  provide 
information  on  points  left  unanswered  by  these 
previous  reviews.  A fourth  available  review  arti- 
cle which  presents  recent  data  concerning  in- 
dustrial, highway,  and  aircraft  accident  data, 
and  which  is  a classic  in  the  field,  does  not  pro- 
vide information  on  several  points  of  interest  to 
the  Joint  Highway  Research  Group  (331).  It 
would  seem  that  a need  exists  for  a review  to 
cover  the  more  modern  research  discoveries  and 
to  integrate  these  data  with  the  results  of  the 
earlier  investigations.  It  is  to  be  hoped  that  such 
a review  will  provide  information  for  those  con- 
cerned with  supplying  recommendations  for 
highway  accident  reduction,  and  that  it  will  high- 
light areas  requiring  still  further  analyses. 

It  has  been  shown  repeatedly  (314)  that  a 
small  number  of  individuals  account  for  a large 
proportion  of  accidents  simply  because  some 
persons  incur  several.  When  this  tendency  was 
discovered  it  was  immediately  seized  upon  as 
being  evidence  for  a general  characteristic  of 
“accident  proneness”  in  certain  persons.  A horde 
of  investigations  was  undertaken  to  discover 
tests  which  would  predict  accident  proneness. 
Many  persons,  scorning  the  use  of  objective  tech- 
niques, relied  upon  their  personal  experiences  in 

*Dr.  Forbes  has  prepared  an  outline  of  the  field  of  highway 
safety  research  for  the  National  Research  Council  Com- 
mittee on  Highway  Safety  Research.  This  manuscript  hy;.s 
not  available  at  the  time  the  present  review  vt'oi'  in  prepa- 
ration. 


listing  the  characteristics  of  accident  prone  per- 
sons. Such  individuals  are  still  active  and  their 
impressions  may  be  read  in  almost  any  news- 
paper. 

Frequent  tabulations  of  accident  occur- 
rences were  not  long  in  print  before  statisticians 
cast  considerable  doubt  on  the  validity  of  the 
assumption  that  the  accident  prone  person  actu- 
ally existed.  It  was  demonstrated  that  if  chance 
factors  alone  were  operating,  certain  persons 
would  still  have  several  accidents,  irrespective 
of  any  personal  characteristics.  The  obtained 
distributions  of  accident  occurrence  closely  ap- 
proximated chance  distributions  of  various 
mathematical  models.  Unfortunately,  no  sensi- 
tive test  was  available  to  determine  whether  the 
two  distributions  were  sufficiently  alike  to  indi- 
cate that  accidents  could  be  attributed  to  chance. 

Moreover,  for  the  persons  included  in  the 
lists  purporting  to  demonstrate  “accident  prone- 
ness,” few  attempts  were  made  to  equalize  expo- 
sure to  driving  hazards  such  as  weather  condi- 
tions, type  of  driving,  etc.,  and,  again,  since  no 
sensitivity  test  of  goodness  of  fit  was  available,  it 
could  not  be  determined  whether  discrepancies 
between  the  observed  accident  frequencies  and 
the  mathematical  models  were  real  differences.* 

Meanwhile,  studies  attempting  to  isolate 
characteristics  of  the  accident  prone  person  were 
bearing  fruit.  Although  none  of  the  studies  can 
be  considered  as  conclusively  demonstrating  the 
existence  of  a general  trait  of  “accident  prone- 
ness” they  do,  taken  in  their  entirety,  indicate 
that  deficiencies  in  several  areas  may  render  an 
individual  more  suspectible  to  incurring  an 
accident. 

METHODOLOGICAL  CONSIDERATIONS  In  a large  pro- 
portion of  the  studies  which  have  been  con- 
ducted to  determine  the  relations  between  certain 
human  characteristics  and  highway  accidents 

*For  an  excellent  technical  discussion  of  the  statistical  is- 
sues involved  in  the  accident  proneness  problem  see,  Fitz- 
patrick, R.,  “The  Prediction  of  Accident  Susceptibility  in 
a Group  of  Fighter  Pilots.”  Ph.D.  Dissertation,  Univ.  of 
Pittsburgh,  1953. 
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there  are  a number  of  limiting  factors  that  pre- 
clude the  generality  of  the  findings.  A critical 
evaluation  of  many  of  the  studies  reporting  on 
highway  accidents  is  often  difficult  or  even  im- 
possible to  make  because  they  are  so  poorly  re- 
ported. Some  studies  cite  results  which  appear  to 
have  real  merit;  for  others  the  results  appear 
questionable.  Many  investigators  in  this  area 
have  overlooked  the  necessity,  or  at  least  the 
desirability,  of  instituting  adequate  controls. 
Others,  who  may  have  included  control  groups 
in  their  research  studies,  have  failed  to  utilize 
accepted  and  readily  available  statistical  tests  of 
significance.  A third  major  error  committed  by 
many  investigators  is  the  failure  to  select  ade- 
quate representative  samples  of  automobile  driv- 
ers. Therefore,  conflicting  data  in  the  various 
studies  bring  into  question  the  validity  of  certain 
of  the  findings. 

There  are  only  a few  research  articles  in 
the  area  of  highway  safety  which  have  been  so 
designed  and  reported  that  they  can  be  repeated, 
and  published  findings  thereby  checked.  Future 
studies  in  this  area  need  to  give  greater  consid- 
eration to  the  simple  research  criterion  of  repli- 
cation if  systematic  knowledge  of  the  human 
causal  factors  of  accidents  is  to  be  extended. 
Many  of  the  available  articles  listed  in  the  pres- 
ent bibliography  are  based  on  clinical  reports 
and  speculation.  Although  these  may  have  cer- 
tain values  of  themselves,  they  should  lead  even- 
tually to  quantitative  investigations.  Until  the  in- 
sights of  these  authors  are  buttressed  by  factual 


data,  it  would  be  well  to  view  them  as  hypotheses 
to  be  proved  rather  than  demonstrated  facts. 
For  the  most  part,  such  reports  are  given  very 
cursory,  if  any,  consideration  in  the  present 
review. 

DESCRIPTION  OF  CONTENTS  Investigations  in  the 
area  of  highway  safety  have  been  of  two  general 
types;  those  concerned  with  discovering  the  most 
efficient  means  of  moving  traffic  with  a minimum 
of  hazard,  which  we  may  term  engineering 
studies;  and  those  of  a psychological  nature 
which  have  been  concerned  with  discovering 
characteristics  of  the  driver  which  directly  con- 
tribute to  accident  occurrence.  The  majority  of 
the  present  report  reviews  findings  in  the  latter 
area.  For  review  purposes,  they  have  been  classi- 
fied under  three  general  areas;  those  dealing  with 
physical  attributes  of  the  driver  as  causative  fac- 
tors, those  dealing  with  his  knowledge  of  driving 
skills,  and  those  concerned  with  his  personality, 
motivations,  and  attitudes.  This  is  admittedly  an 
arbitrary  classification,  for  the  constitutional,  in- 
tellectual, and  temperament  aspects  of  an  indi- 
vidual’s behavior  are  interacting. 

In  selecting  articles  to  be  included  in  the 
review,  no  attempt  has  been  made  to  be  exhaus- 
tive. The  review  is  concerned  primarily  with  re- 
search on  automobile  driver  characteristics,  and 
with  research  which  has  been  conducted  in  the 
United  States.  Some  exception  was  made  to  this 
policy  when,  during  the  literature  search,  several 
excellent  British  articles  were  reviewed. 


I.  CONSTITUTIONAL  FACTORS  IN  RELATION  TO  HIGHWAY  SAFETY 

INTRODUCTION  As  in  the  study  of  aircraft  accidents,  one  of  the  primary  considerations  investigated  in 
studying  highway  accidents  has  been  the  role  of  the  driver’s  physical  capacities  as  causal  factors.  For 
example,  during  World  War  I it  was  believed  that  tests  of  vision,  reaction  time  and  coordination  were 
necessary  and  sufficient  for  the  selection  of  safe  pilots.  World  War  I pilot  selection  tests  consisted  almost 
exclusively  of  these  measures.  Research  soon  established  that  much  more  was  involved.  The  present 
pilot  selection  tests  reflect  increased  sophistication  with  respect  to  physiological  factors,  but  many  per- 
sonnel engaged  in  highway  safety  research  are  still  at  a World  War  I level  in  their  beliefs. 
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VISION  It  is  clear  that  certain  minimum  stand- 
ards of  visual  acuity  are  quite  necessary  for  the 
successful  operation  of  a motor  vehicle.  Above 
this  minimum,  however,  it  remains  to  be  demon- 
strated that  visual  factors  are  important  in  acci- 
dent causation.  Many  people  believe  that  they 
are.  Among  the  visual  defects  frequently  men- 
tioned as  contributing  to  accidents  are;  visual 
acuity  of  both  eyes  and  inequality  of  acuity  be- 
tween eyes,  poor  perception  of  depth  and  dis- 
tance, narrowed  field  of  vision  (tunnel  vision), 
scotomata,  uncompensated  blind  spots,  phorias, 
astigmatism,  retinal  abnormalities,  myopia,  de- 
fective night  vision,  color  blindness,  and  sus- 
ceptibility to  glare. 

Though  these  factors  may  “logically”  be 
expected  to  reduce  driver  proficiency,  the  num- 
ber of  studies  which  have  been  conducted  and 
which  demonstrate  that  a relationship  exists  is 
not  large.  Moreover,  a random  selection  of  non- 
accident drivers  has  rarely  been  tested  so  it  is 
difficult  to  say  with  assurance  that  the  visual  fac- 
tors above  are  actually  important  causal  factors. 

Thorndike  (331 ) has  pointed  out  an  addi- 
tional limitation  insofar  as  the  paucity  of  clear- 
cut  evidence  of  the  importance  of  visual  factors 
is  concerned,  though  it  applies  equally  to  all 
studies  of  differences  between  accident-repeater 
and  accident-free  drivers.  “Accidents  can  be  so 
varied  in  their  circumstances  and  causes  that 
a particular  factor,  such  as  defective  night  vision, 
should  be  expected  to  be  significant  in  only  a 
small  minority  of  cases.  Its  influence,  if  any,  is 
thus  masked  by  the  great  number  of  accidents 
which  had  quite  a different  causal  background.” 
(331,  p.  58.)  He  suggests  a research  design 
which  partially  overcomes  this  difficulty.  The  in- 
vestigator should  select  a group  of  accidents 
which  are  similar  in  certain  characteristics  and 
which  are  logically  the  ones  in  which  the  ex- 
pected factor  should  have  operated.  Thus,  if  the 
factor  studied  is  depth  perception,  one  might 
limit  the  accident  group  to  those  involved  in 
rear-end  collisions.  If  relationships  exist  between 
visual  factors  and  accidents,  they  may  then  be 
expected  to  show  up  more  clearly. 


Just  such  a research  design  was  utilized  by 
Cobb  (68).  He  administered  a large  battery  of 
driver  tests  to  3,663  drivers  licensed  in  Connecti- 
cut. As  Johnson  (168)  points  out,  “This  state 
records  the  general  accidents,  violations,  convic- 
tions, etc.,  with  unusual  care,  and  perhaps  more 
nearly  completely  than  any  other  state  does.” 
Seventy-two  tests  were  administered  to  the  driv- 
ers. The  operators  were  then  classified  according 
to  their  scores  in  a particular  test  trait  and  for 
every  sub-group  of  drivers  possessing  this  par- 
ticular trait,  the  proportion  of  their  accidents 
which  belonged  to  the  type  to  which  they  were 
“supposed”  to  be  susceptible  was  determined. 
The  results  of  this  analysis  follows: 

Sensitivity  to  glare  was  not  found  to 
be  significantly  associated  with  a pre- 
ponderance of  night  accidents  over 
other  accidents; 

defects  of  color  vision  were  not  found 
to  be  significantly  associated  with  a 
preponderance  of  accidents  at  signal 
protected  crossings  over  other  acci- 
dents; 

tests  of  distance  judgments  were  not 
found  to  be  significantly  associated 
with  a preponderance  of  rear-end  col- 
lision accidents  over  other  accidents; 
inequality  of  actuity  in  the  two  eyes 
was  not  found  to  be  significantly  asso- 
ciated with  a preponderance  or  rear- 
end  collision  accidents  over  other  acci- 
dents; 

simple  reaction  time  to  auditory  stim- 
uli was  not  found  to  be  significantly 
associated  with  rear-end  collision  acci- 
dents or  passing  accidents  over  other 
types; 

scores  on  “vigilance  tests”  were  not 
found  to  be  significantly  associated 
with  a tendency  toward  rear-end  colli- 
sions or  passing  collisions  over  other 
types  of  accidents; 

but  the  variability  of  reaction  time  for 
particular  drivers  was  found  to  be  very 
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slightly  associated  with  rear-end  colli- 
sions or  passing  collisions.  (As  is 
pointed  out  by  Johnson  (168)  the  re- 
lationship is  so  slight  that  the  test 
would  properly  classify  only  twenty- 
eight  accidents  out  of  1 ,487  that  would 
have  been  improperly  classified  by 
chance. ) 

Lauer  (113,  178)  also  investigated  the  re- 
lationship between  vision  and  driving  perform- 
ance, using  apparatus  for  presenting  successive 
stimuli  in  near  and  far  positions.  In  studying 
binocular  coordination  in  500  subjects,  he  de- 
termined that  there  was  no  significant  difference 
between  accident  and  non-accident  drivers. 

Ellis  and  Hare  (112,  113)  studied  muscu- 
lar imbalance,  visual  acuity,  and  the  effect  of 
artificially  induced  defects  in  33  accident  cases 
and  150  controls  and  found  no  significant  dif- 
ferences. 

Burtt  ( 54 ) found  no  results  having  predic- 
tive value  so  far  as  accident  and  non-accident 
drivers  are  concerned  when  he  presented  various 
visual  stimuli  and  measured  the  speed  of  re- 
action time. 

Additional  evidence  of  the  unimportance 
of  visual  factors  in  discriminating  between  acci- 
dent and  non-accident  groups  of  drivers  follows. 

Ghiselli,  Brown  and  Minium  (139)  studied 
153  streetcar  motormen.  They  failed  to  find  any 
difference  between  accident  score  for  those  who 
did  well  and  those  who  did  poorly  on  tests  of 
visual  acuity,  fields  of  vision,  and  glare  recovery. 
Lauer  ( 178  ) studied  24  accident  drivers  and  24 
non-accident  drivers  for  ability  to  name  colors 
and  to  discriminate  letters  at  both  near  and  far 
points.  He  failed  to  find  any  significant  differ- 
ences between  the  two  groups.  Burtt  and  Forbes 
(56)  studied  perception  of  rate  of  movement. 
This  test  utilizes  an  object  moving  at  a uniform 
speed  which  disappears  behind  a screen.  The 
subject  is  required  to  judge  when  it  will  pass  be- 
hind an  indicated  spot  on  the  screen.  They  found 
no  tendency  for  accident-free  cases  to  be  supe- 
rior to  those  who  had  been  involved  in  accidents. 
DeSilva,  Claflin  and  Simon  ( 99 ) studied  the  per- 


formance of  the  best  and  worst  10%  of  a group 
of  1 1 1 drivers  who  had  been  selected  on  the 
basis  of  accident  record  over  the  preceding  nine 
years  of  employment  in  a single  large  company. 
Visual  measures  utilized  tested  glare  suscepti- 
bility, peripheral  vision,  depth  perception  and 
visual  acuity.  No  significant  differences  were 
found  between  the  two  groups.  Brody  (42)  ex- 
amined 26  accident  repeater  drivers  and  26  non- 
accident drivers  for  visual  acuity,  color  blind- 
ness, ocular  muscle  balance,  dark  adaptation, 
depth  perception,  and  side  vision.  The  only 
measure  which  showed  a significant  difference 
was  side  vision.  It  will  be  noted  that  although 
side  vision  was  found  to  be  important  in  Brody’s 
study,  it  was  not  found  to  be  significant  in  the 
study  by  De  Silva  cited  above,  nor  in  the  study 
by  Ghiselli  also  cited  above. 

A study  carried  out  by  the  New  York  Uni- 
versity Center  for  Safety  Education  and  spon- 
sored by  the  Eno  Foundation  (114)  also  pre- 
sented evidence  of  the  unimportance  of  measures 
of  side  vision  insofar  as  determining  accident  lia- 
bility is  concerned.  This  study  measured  groups 
of  100  accident-repeaters  and  100  non-accident 
drivers  who  had  been  matched  on  certain  back- 
ground factors;  sex,  age,  driving  experience,  and 
type  of  vehicle  driven.  It  is  interesting  to  note, 
however,  that  contrary  to  the  findings  cited 
above,  these  investigators  found  that  the  non- 
accident group  scored  significantly  better  on  the 
following  visual  measures:  visual  acuity,  depth 
perception,  and  vertical  and  lateral  ocular  mus- 
cle balance.  They  found  no  significant  differ- 
ences between  the  groups  in  size  of  lateral  visual 
field  (as  was  previously  mentioned)  or  in  rate 
of  dark  adaptation. 

It  might  be  argued,  however,  that  there  are 
visual  defects  which  are  not  screened  out  by 
present  day  examining  techniques.  For  example, 
there  is  the  principle  of  narrowing  field  of  vision 
with  increased  driving  speed;  as  speed  increases 
the  point  of  concentration  moves  farther  away, 
the  detail  of  foreground  vision  begins  to  fade, 
and  side-vision  diminishes.  Thurstone  and  Ham- 
ilton (150)  state,  however,  that  speeds  of  be- 
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tween  45  and  50  mph  still  have  relatively  little 
effect  upon  field  of  vision  insofar  as  the  average 
good  driver  is  concerned.  It  is  evident  that  this 
phenomenon  would  be  less  important  with  re- 
spect to  expressway  driving  than  it  would  be  in 
congested  urban  areas.  In  expressway  driving 
there  is  little  danger  of  a driver  being  approached 
by  a vehicle  coming  from  the  side,  as  would 
occur  if  intersections  were  built  into  the  highway. 

In  summary,  it  may  be  stated  that  although 
the  evidence  for  the  importance  of  visual  fac- 
tors in  accident  causation  is  extremely  modest, 
there  is  also  some  evidence  that  these  conditions 
may  have  some  slight  influence  in  certain  acci- 
dents. The  lack  of  any  clear  cut  relationships 
may  be  due  to  several  factors:  the  unreliability 
or,  at  best,  limited  reliability  of  both  visual  tests 
and  accident  records,  and  the  probability  that 
only  a small  fraction  of  highway  accidents  have 
visual  limitations  entered  as  a contributing  cause. 
An  additional  consideration  is  the  possibility 
that  an  individual  may  compensate  for  his  known 
defects  and,  by  being  especially  careful,  may 
avoid  becoming  a member  of  the  accident-driver 
group.  For  example,  people  who  are  aware  of 
their  defective  night  vision  may  avoid  driving  at 
night. 

It  must  be  remembered  that  many  of  the 
articles  stressing  the  importance  of  vision  were 
written  at  a time  when  relatively  few  of  the  states 
required  visual  checks  in  their  driving  examina- 
tions. Seeming  discrepancies  between  such  points 
of  view  and  the  results  of  controlled  studies  in 
this  area  may  possibly  be  due  to  the  fact  that 
those  persons  stressing  the  importance  of  defec- 
tive vision  as  causal  factors  in  accidents  may 
have  based  their  opinions  on  situations  existing 
in  the  early  1930’s.  With  the  screening  out  of 
drivers  with  defective  vision  by  improved  driver 
licensing  procedures  which  have  been  adopted 
by  many  states,  it  is  possible  that  the  role  of 
visual  factors  in  causing  accidents  is  greatly  re- 
duced for  the  present-day  driving  population. 

PSYCHOMOTOR  ABILITIES  A number  of  studies 
have  been  conducted  which  have  been  concerned 


with  determining  the  relation  between  accident 
occurrence  and  such  variables  as  the  driver's  sim- 
ple or  complex  reaction  time,  strength  of  grip, 
speed  of  tapping,  gross  muscular  movements, 
etc.  It  is  difficult  to  formulate  any  clear  conclu- 
sions from  these  studies  since  the  criteria  of  driv- 
ing success  varied,  various  investigators  selected 
their  samples  according  to  different  criteria,  the 
reliabilities  of  the  measures  employed  were  rare- 
ly determined,  and  in  most  cases  statistical  tests 
of  significance  were  not  conducted. 

In  general,  available  evidence  indicates  that 
accident-drivers  do  not  differ  from  accident-free 
drivers  in  simple  reaction  time.  Differences  may 
be  expected  on  more  complex  choice  reaction- 
time tasks,  especially  when  physical  distractions 
or  factors  of  emotional  stress  are  introduced  into 
the  testing  situation. 

Johnson  and  Evans  ( 171 ) investigated  the 
relationship  between  various  psychomotor  tests 
and  ratings  of  driving  ability.  Each  subject  was 
rated  by  one  examiner  on  the  basis  of  his  driving 
performance  over  a standard  course  on  regular 
city  streets.  The  single  large  predictor  was  the 
test  of  choice  reaction  time.  Speed  of  foot  move- 
ment and  foot  reaction  time  had  lower,  but  sig- 
nificant, predictive  value.  No  attempt  was  made 
to  relate  these  ratings  of  driver  ability  to  other 
criteria  such  as  number  of  accidents  sustained. 
Therefore  it  is  difficult  to  accept  the  findings  re- 
garding certain  psychomotor  tests  as  being  in- 
dicative of  any  accident  potentialities  on  the  part 
of  the  drivers  involved. 

Brody  (42)  tested  simple  and  complex  re- 
action time  of  a group  of  26  drivers  w'ho  had 
been  involved  in  at  least  three  reported  accidents 
in  the  previous  five  year  period  and  26  volunteers 
who  were  accident-free.  All  persons  had  driven 
at  least  fifty  thousand  miles.  He  found  no  signifi- 
cant differences  between  the  groups  on  tests  of 
simple  or  complex  reaction  times.  He  feels  that 
speed  of  reaction  time,  especially  in  the  applica- 
tion of  brakes,  has  been  overemphasized  as  a fac- 
tor which  predisposes  drivers  toward  accidents. 
In  those  cases  where  significant  differences  have 
been  found,  for  example,  the  differences  in  terms 
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of  distance  traveled  are  still  so  small  as  to  be 
negligible. 

Greenshields  (147)  tested  simple  reaction 
time  of  a group  of  87  accident  drivers  and  145 
accident-free  drivers.  He  found  no  difference  in 
reaction  time  between  these  two  groups.  On  the 
other  hand,  Forbes  (131)  tested  138  accident- 
repeater  drivers  and  52  volunteers  who  were  as- 
sumed to  have  average  accident  records.  Tests 
administered  were  those  of  simple  brake  reaction 
time,  vigilance  brake  reaction  time,  steering,  and 
braking-steering  balance.  On  all  tests  the  re- 
peater group  obtained  significantly  poorer  scores. 
Using  the  same  series  of  tests  (The  Harvard 
Traffic  Bureau  Series)  Bransford  (41)  obtained 
results  for  1,339  persons.  Of  all  the  measures 
obtained,  the  test  of  brake  reaction  time  was  the 
only  measure  which  was  significantly  related 
with  arrest  and  accident  criteria.  Its  importance 
was  reduced  when  correction  was  made  for  age 
of  subjects.  In  a third  investigation  using  the 
Harvard  Traffic  Bureau  Battery  ( 98 ) , tests  were 
administered  to  649  accident  drivers  and  186 
volunteers  in  five  cities.  In  at  least  two  out  of 
three  of  the  cities,  deficiencies  were  found  on  the 
following  tests  to  be  statistically  reliable  for  the 
accident-repeater  group:  simple  reaction  time, 
simple  steering,  vigilance  steering,  vigilance  dif- 
ferential, and  vigilance  ratio. 

It  will  be  noted  that  the  last  three  studies 
employed  the  same  test  battery.  The  tests  were 
administered  by  persons  who  were  competent  in 
their  fields.  The  results  differ  markedly  for  each 
study.  This  may  be  due  in  part  to  the  fact  that 
the  selection  of  criterion  groups  was  largely 
based  on  the  availability  of  subjects.  Thus,  dif- 
ferences are  in  many  cases  a function  of  the  par- 
ticular group  tested.  Consequently,  it  is  difficult 
to  determine  the  generality  of  the  findings  re- 
ported. 

Of  all  studies  reviewed,  the  one  which  in- 
volved the  most  extensive  testing  was  conducted 
by  Cobb  (68).  In  this  project  some  72  different 
predictor  variables  were  analyzed.  In  addition  to 
certain  physical,  physiological  and  biographical 
facts  about  each  individual,  the  test  battery  in- 


cluded the  Harvard  Traffic  Bureau  Series  and 
the  Iowa  Series.  Tests  were  administered  to  more 
than  3,000  drivers  in  the  state  of  Connecticut. 
The  sample  included  drivers  who  had  experi- 
enced recent  accidents  and  a group  of  volun- 
teers. The  sample  is  not  representative  of  the 
general  run  of  Connecticut  drivers.  Scores  on  the 
various  tests  used  were  correlated  with  the  num- 
ber of  accidents  on  record  for  the  individual  in 
the  Connecticut  State  files  divided  by  the  num- 
ber of  years  the  driver  had  been  licensed  in  Con- 
necticut. Correlations  between  the  psychomotor 
tests  and  the  criterion  were  uniformly  small.  The 
relations  were,  however,  significant  in  many 
cases.  Among  the  measures  for  which  significant 
relationships  were  found  were  strength  of  grip, 
speed  of  tapping,  sensory  braking  reaction  time, 
steering  and  vigilance  steering.  An  estimate  of 
the  magnitude  of  these  relationships  may  be  ar- 
rived at  by  considering  their  contribution  when 
they  are  combined  with  other  tests  to  serve  as  a 
single  predictor  of  accident  rate.  A combination 
battery  of  22  tests  was  found  to  have  a multiple 
correlation  of  .35  with  the  accident  rate  crite- 
rion. An  analysis  of  nine  pencil  and  paper  meas- 
ures revealed  a similar  multiple  correlation  co- 
efficient (.305),  suggesting  that  the  apparatus 
tests  of  psychomotor  functions  made  relatively 
little  contribution  in  prediction. 

In  the  Cobb  study,  an  investigation  was 
also  made  of  the  relationship  between  various 
psychomotor  measures  and  accident  type.  No 
significant  relations  were  found.  It  was  discov- 
ered that  variability  of  reaction  time  was  slightly 
related  to  a preponderence  of  rear-end  collisions; 
however,  in  view  of  the  total  number  of  such 
analyses  made,  the  single  analysis  approaching 
significance  may  be  explained  as  a chance  out- 
come ( 1 out  of  11).  An  additional  point  which 
must  be  considered  in  evaluating  the  relation- 
ships found  is  concerned  with  the  failure  of  the 
examiners  to  calibrate  their  apparatus  instru- 
ments regularly.  Due  to  this  oversight,  it  was  dis- 
covered, after  all  of  the  data  was  in,  that  several 
pieces  of  equipment  had  developed  defects.  It 
was  then  too  late  to  correct  scores  for  such  biases, 
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yet  such  data  were  included  in  regular  analysis. 
Also,  98  cases  for  which  accidents  were  recorded 
were  included  in  the  accident-free  group  of  the 
test  sample.  The  final  correlation  coefficients  re- 
ported were  not  corrected  for  this  error. 

In  summary,  it  may  be  stated  that  the  re- 
sults of  investigations  of  the  relation  between 
psychomotor  abilities  and  accident  rate  are  high- 
ly contradictory  and  controversial.  It  would  seem 
that  more  work  is  necessary  in  this  area,  and 
that  considerably  more  attention  should  be  given 
to  the  careful  selection  of  both  accident  and  non- 
accident samples  and  that  more  care  should  be 
taken  in  testing  these  samples. 

PHYSIOLOGICAL  CONDITIONS 

1.  Autonomic  system  reactivity 

Inasmuch  as  the  functioning  of  various  of 
the  endocrine  glands  is  accepted  by  many  as  be- 
ing indicative  of  emotionality,  some  investigators 
have  attempted  to  relate  measures  of  autonomic 
reactivity  to  accident  indices.  The  general  point 
of  view  seems  to  be  that  emotionality,  as  sur- 
mised from  high  blood  pressure,  rapid  pulse,  and 
large  galvanic  response,  is  related  to  accident 
frequency.  And,  indeed,  a relationship  has  been 
found.  It  is,  however,  of  approximately  the  same 
magnitude  as  the  relationships  which  have  been 
found  to  exist  between  certain  measures  of  re- 
action time  and  accident  rate;  in  other  words, 
the  relationship  is  extremely  small.  Significant 
positi-ve  results  with  respect  to  blood  pressure 
have  been  reported  by  Brody  (42),  Cobb  (68), 
Kraft  and  Forbes  (173,  174),  and  Slocombe 
and  Brakeman  (313). 

The  validity  of  blood  pressure  measures  in 
distinguishing  accident-repeaters  has  not  been 
established.  Slocombe  and  Bingham  (312) 
found  high  blood  pressure  to  be  related  to  acci- 
dent frequency.  The  Eno  Foundation  (114)  re- 
ported no  significant  differences  in  either  direc- 
tion. 

The  importance  of  these  findings  is  not 
immediately  clear.  As  Thorndike  (331 ) has  ob- 
served, these  various  physiological  measures  re- 
flect a large  number  of  interacting  factors  such 


as  age  and  health.  There  is  some  question,  there- 
fore, whether  they  are  real  indicators  of  emo- 
tionality. Until  extraneous  factors  are  controlled 
there  can  be  little  confidence  placed  in  such  find- 
ings. It  is  possible,  of  course,  to  accept  them  as 
tentative  relationships. 

2.  Alcohol 

The  question  of  the  relation  between 
amount  of  alcohol  consumed  and  highway 
safety  is  a complex  one,  and  one  which  has  re- 
ceived considerable  attention.  The  present  re- 
view will  not  presume  to  summarize  all  the 
studies  which  have  been  done  in  this  area.  The 
studies  themselves  defy  any  simple  codification. 
They  range  from  emotional  articles  unsupported 
by  evidence  to  articles  dealing  with  research 
which  has  been  aimed  at  solving  particular  prob- 
lems, e.g.,  does  alcohol  affect  reaction  time,  does 
alcohol  affect  precision  of  movements,  how 
much  alcohol  is  necessary  before  movement  is 
impaired  to  any  given  extent,  what  per  cent  of 
drivers  involved  in  accidents  had  imbibed  a 
sufficient  quantity  of  alcohol  to  impair  their 
responses,  how  does  the  per  cent  of  drunken 
drivers  involved  in  accidents  compare  to  the  per 
cent  of  drunken  drivers  not  involved  in  acci- 
dents, etc. 

For  some  of  these  questions,  answers  may 
be  given  with  confidence.  There  is  little  doubt 
that  alcohol  in  sufficient  quantity  does  affect 
both  the  speed  of  reaction  and  the  accuracy  of 
motor  responses.  There  is  also  evidence  avail- 
able in  the  literature  that  it  impairs  “judgment” 
and  “reasoning”  abilities.  For  others  of  the 
questions  the  evidence  is  equivocal.  Some  of  the 
difficulties  involved  in  responding  to  these  ques- 
tions are  listed  by  Berry  (33).  He  points  out 
that  statistical  information  regarding  drunken 
driving  comes  from  two  general  sources: 

a.  police  and  driver  reports  filed  with  offi- 
cial state  and  government  units  given  in 
( 1 ) routine  monthly  and  annual  sum- 
maries of  general  frequency  of  alcohol 
influence  and  (2)  special  studies  giving 
circumstances  of  accidents. 
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b.  studies  involving  chemical  tests  of  body 
fluids  or  breath  of  persons  injured  or 
killed  in  accidents. 

Data  coming  from  these  sources  often 
yield  conflicting  results.  Reasons  for  variations 
in  the  reported  figures  are  the  following; 

a.  the  information  on  the  report  reflects 
the  opinions  of  the  drivers  and  the  oflh- 
cers  who  make  out  the  reports, 

b.  in  some  states  the  greater  number  of 
accidents  are  investigated  by  police  offi- 
cers who  are  not  trained  in  accident  in- 
vestigation, 

c.  the  reporting  of  circumstances  is  much 
more  complete  in  some  states  than  in 
others, 

d.  figures  reported  by  different  cities  and 
states  are  based  on  different  definitions. 
Descriptive  terms  used  vary  from  “in- 
toxicated” to  “under  the  influence”  to 
“had  been  drinking.” 

He  concludes  that  a tremendous  variation 
is  possible  in  stating  the  part  which  alcohol 
plays  in  traffic  accidents.  Special  studies  are  too 
few  in  number  to  base  general  statements  upon 
them.  No  one  can  say  exactly  how  many  motor 
vehicle  accidents  are  due  to  alcohol. 

One  study  which  was  carefully  conducted 
to  answer  several  of  the  above  questions  is  that 
of  Holcomb  (156).  He  studied  the  drinking  of 
drivers  involved  in  personal  injury  accidents 
compared  to  the  drinking  of  drivers  in  the  gen- 
eral population,  to  define  objectively  the  part 
alcohol  plays  in  the  accident  problem.  Also  con- 
sidered was  the  concentration  of  alcohol  in  the 
human  system  necessary  to  become  a factor  in 
accidents.  Two  hundred  seventy  drivers  involved 
in  personal  injury  accidents  who  took  persons 
injured  to  the  hospital,  or  drivers  who  them- 
selves were  injured,  were  tested  by  urinalysis  for 
alcohol.  One  thousand,  seven  hundred  fifty 
drivers  chosen  at  random  from  approximately 
the  same  geographical  area  (Evanston,  Illinois) 
were  administered  breath  tests  for  alcohol.  Com- 
parisons were  made  on  the  basis  of  hour  of  day. 


day  of  week,  and  blood  alcohol  content. 

It  was  found  that  the  largest  number  of 
drivers  who  had  been  drinking  occurs  in  the 
early  evening  hours  and  on  week  ends  but  the 
drinking  drivers,  proportionate  to  non-drinking 
drivers,  are  highest  in  number  during  the  early 
morning  hours  and  over  the  week  end.  The  per- 
centage of  drinking  drivers  in  the  general  popu- 
lation varies  proportionately  to  the  percentage 
of  drinking  drivers  in  the  personal  injury  group 
but  is  considerably  lower  at  all  times.  As  blood 
alcohol  content  increases,  the  number  of  drivers 
appearing  in  the  personal  injury  accident  group 
increases  out  of  all  proportion  to  that  in  the 
general  driving  population. 

Holcomb  found  that  47%  of  the  accident 
group  had  some  alcohol  concentration  in  their 
blood  stream  compared  with  only  12%  of  the 
control  group.  Thorndike  (331 ) reworked  Hol- 
comb’s data  to  show  the  ratio  of  accident  to 
comparison  cases  at  each  level  of  alcohol  con- 
centration. These  data  are  presented  below,  ex- 
pressed as  accident  cases  per  100  cases  in  the 
comparison  group. 

Thorndike  points  out  that  these  figures  are 
not  completely  reliable  due  to  the  small  number 
of  cases  in  the  control  group  at  the  higher  levels 
of  alcohol  concentration.  There  is  a definite 
trend,  however,  as  he  points  out.  The  table  can- 
not be  used  to  establish  a lower  alcohol  concen- 
tration level  at  which  no  effects  upon  accident 
frequency  can  be  found.  Any  alcohol  at  all  in  the 
blood  seems  to  have  some  effect  upon  accident 
rate. 

The  National  Safety  Council  Committee  on 
Tests  for  Intoxication  (251)  lists  .15%  alcohol 
concentration  in  the  blood  as  a critical  upper 
limit.  They,  too,  have  decided  that  no  minimum 
level  could  be  set  at  which  it  could  be  asserted 
that  there  were  no  harmful  effects  upon  driver 
performance. 

3.  Fatigue: 

For  some  reason,  fatigue  as  a factor  in 
automobile  accident  causation  has  received 
relatively  little  attention.  This  may,  perhaps,  be 
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TABLE  i 

Relative  Frequency  of  Automobile  Accident  Cases  for  Different  Alcohol  Concentrations 


Amount  Consumed* 

% Alcohol  in  Blood 

No.  of  Accidents  per 
1 00  Control  Cases 

0 

None 

9 

1-2  oz. 

Less  than  .04 

45 

2-4  oz. 

.04  to  .07 

21 

4-6  oz. 

.08  to  .1 1 

53 

6-7  oz. 

.12  to  .14 

146 

8 or  more  oz. 

.15  and  over 

577 

due  to  public  acceptance  of  the  idea  that  as  a 
person  becomes  progressively  more  tired  his  driv- 
ing competence  will  deteriorate.  Or  the  lack  of 
controlled  experimentation  may  be  due  to  the 
difficulty  of  defining  and/or  measuring  “fatigue”. 

The  term  fatigue  actually  has  at  least  three 
meanings.  ( 1 ) It  may  be  defined  as  the  feeling 
or  tiredness  (subjective  fatigue)  which  may  arise 
as  the  result  of  prolonged  physical  exertion  or 
which  may  also  result  from  periods  of  inactivity 
or  boredom.  It  can  be  measured  simply  by  asking 
a person  how  he  feels.  (2)  There  is  the  concept 
of  fatigue  as  determined  from  bodily  changes 
(physiological  fatigue).  According  to  this  con- 
cept, fatigue  is  a result  of  formation  of  waste 
materials  in  the  system  as  a result  of  muscular  ac- 
tivity and  can  be  measured  by  appropriate  physio- 
logical tests.  ( 3 ) The  third  concept  of  fatigue  is 
more  vague  and  yet  more  consistently  measur- 
able. It  is  that  a person  may  be  considered  fa- 
tigued if  his  performance  shows  a progressive  de- 
terioration (objective  fatigue).  Thus,  the  meas- 
ure is  directly  of  performance  and  decrements 
are  attributed  to  “fatigue”.  Whether  a person  pre- 
fers to  think  of  fatigue  as  being  subjectively  or 
physiologically  determined  is  unimportant. 

Since  no  satisfactory  means  of  objectively 
measuring  driver  competence  exists,  it  is  neces- 

*To make  the  information  in  Table  I more  meaningful,  the 
present  writer  has  added  a column  to  indicate  the  amount 
of  alcohol  which  must  be  consumed  in  order  to  achieve  a 
given  concentration  of  alcohol  in  the  blood.  The  figures 
are  based  upon  consumption  of  “100  proof”  whiskey  by 
a 160  lb.  man.  They  are  only  approximate  since  absorp- 
tion of  alcohol  into  the  blood  stream  will  vary  with  the 
amount  and  type  of  food  in  the  stomach. 


sary,  in  measuring  the  effects  of  fatigue,  to  assess 
decrements  in  performance  of  tasks  which  are 
assumed  to  be  related  to  the  driving  task  or  to 
measure  physiological  changes  which  are  as- 
sumed to  influence  driving  skill.  If  physiological 
changes  or  decreased  levels  of  performance  are 
found  it  is  presumed  that  evidence  exists  that 
driver  performance  will  deteriorate  simultane- 
ously. 

Or,  if  the  investigator  uses  subjective  re- 
ports of  drivers  as  indicators  of  fatigue  he  must 
assume  that  fatigue  influences  driver  competence 
in  some  way.  The  possibility  must  be  kept  in 
mind  that  a driver  may  “feel  tired”  (bored?)  and 
yet  still  be  able  to  manipulate  his  vehicle  success- 
fully through  heavy  traffic. 

This  discussion  should  not  be  interpreted 
as  a denial  that  excessively  prolonged  driving 
will  result  in  seriously  lowered  driver  compe- 
tence. The  importnat  issue  is  not  whether  a driver 
will  eventually  fall  asleep  at  the  wheel,  but  how 
long  he  can  drive  before  dangerous  decrements 
in  performance  may  be  expected  to  result.  Since 
the  country  will  soon  be  covered  with  a network 
of  limited  access  freeways  a driver  could  con- 
ceivably travel  almost  indefinitely,  pausing  only 
briefly  to  refuel.  If  fatigue  effects  can  be  found 
to  be  important  in  reducing  driver  efficiency  then 
legislation  could  be  enacted  to  require  that  pe- 
riodic rest  stops  be  made. 

A study  conducted  by  the  United  States 
Public  Health  Service  (270)  may  illustrate  sev- 
eral of  the  points  raised  in  the  above  discussion. 
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A team  of  biochemists,  medical  doctors,  physi- 
cists, physiologists,  and  psychologists  studied  889 
trucks  drivers  who  had  driven  from  0 to  1 6 hours 
since  they  last  slept.  A large  number  of  tests  was 
used.  (But  no  direct  measure  of  driving  pro- 
ficiency was  included  in  the  battery.)  Psycho- 
physical measures  which  showed  consistent 
changes  with  hours  of  driving  were:  speed  of 
tapping,  reaction-coordination  time,  simple  re- 
action time,  steadiness,  body  sway,  vigilance  and 
flicker. 

It  is  difficult  to  translate  these  results  into 
assumptions  about  their  effect  upon  driving  skill. 
For  example,  strength  of  grip  was  stronger 
with  increased  driving  time  and  a person  might 
surmise  that  this  might  mean  better  control.  (?) 
Also,  it  is  known  that  the  amount  of  caffeine  in 
several  cups  of  coffee  will  result  in  decreased 
performance  on  steadiness  or  body  sway  tests, 

II.  INTELLECTUAL  FACTORS  IN 

INTELLIGENCE  As  was  previously  mentioned, 
highway  safety  research  has  been  primarily  con- 
cerned with  testing  psychomotor  functions  in 
relation  to  accidents.  Relatively  little  attention 
has  been  devoted  to  determining  the  relation  of 
intellectual  abilities  to  accidents.  Few  studies 
have  been  initiated  exclusively  to  assess  this  re- 
lationship; conclusions  must  be  based  upon 
studies  which  included  some  estimate  of  intellec- 
tual capacity  with  other  variables  being  investi- 
gated. The  results  are  conflicting,  as  might  be  ex- 
pected, because  of  the  methodological  consid- 
erations already  mentioned  as  well  as  the  use  of 
different  measures  to  estimate  intellectual  ca- 
pacity or  achievement. 

In  general,  intellectual  capacity  may  be  esti- 
mated in  two  ways;  (a)  by  tests  which  reflect, 
with  varying  degrees  of  exactness,  general  scho- 
lastic aptitude  and  (b)  by  indirect  measures 
(such  as  occupational  level  or  highest  educa- 
tional level  attained)  which  are  subject  to  con- 
siderable error  since  they  are  affected  by  a num- 
ber of  cultural  and  personality  factors.  It  should 
be  clear  that  the  results  of  studies  which  have 


yet  coffee  is  frequently  recommended  as  a way 
for  drivers  to  remain  alert.  Is  one  to  assume  that 
unsteadiness  from  fatigue  is  detrimental  to  driv- 
ing efficiency  but  that  unsteadiness  from  drink- 
ing coffee  has  no  effect  on  driver  performance? 

The  same  study  recorded  the  drivers’  sub- 
jective feelings.  It  was  found  that  of  those 
drivers  who  had  not  driven,  66%  felt  “fine”  and 
2%  felt  “tired”.  Of  those  drivers  who  had  driven 
ten  or  more  hours,  only  15%  felt  “fine”  and 
50%  felt  “tired”. 

In  summary,  it  might  be  concluded  that  in- 
sofar as  various  psychophysical  tasks  duplicate 
the  basic  requirements  of  driving  there  seems  to 
be  a relationship  between  length  of  driving  time 
and  decreased  performance.  However,  as  was 
pointed  out  on  page  9,  the  relation  between  exist- 
ing psychophysical  measures  and  other  criteria 
of  driving  proficiency  is  extremely  slight. 

RELATION  TO  HIGHWAY  SAFETY 

utilized  different  samples  of  the  population  and 
which  have  used  different  means  to  estimate  in- 
telligence are  not,  therefore,  directly  comparable. 

One  of  the  earliest  attempts  to  relate  meas- 
ured intelligence  to  “accident  proneness”  in  indi- 
viduals used  100  traffic  offenders  as  subjects 
(277).  The  investigators  found  that  42  of  the 
subjects  had  “inferior  intelligence”.  Interesting- 
ly enough,  since  intelligence  test  scores  are  as- 
sumed to  be  fairly  normally  distributed  among 
the  general  population,  one  would  expect  that 
by  chance  alone  fifty  of  the  one  hundred  viola- 
tors would  be  of  “inferior”  intelligence  accord- 
ing to  statistical  norms. 

A somewhat  similar  design  was  employed 
by  Selling  (296)  who  claimed  to  have  found  a 
median  I.Q.  of  77  for  a group  of  500  traffic  of- 
fenders. It  is  difficult  to  determine  how  valid  the 
results  are  since  little  information  is  presented 
regarding  the  tests  which  were  used  or  how  and 
by  whom  they  were  administered. 

Lawshe  (202)  cites  two  studies  by  Lauer 
as  being  indicative  of  the  relationship  between 
intelligence  and  accident  involvement.  The  first 
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(177)  presented  is  a survey  of  141  drivers  which 
summarizes  those  most  susceptible  to  accidents 
with  respect  to  intelligence  as  follows: 


I.  0.  Score 

65-100  %ile 
35-  65  %ile 
1-  35  %ile 


% of  Those  Involved  in  Accidents 

17.4% 

42.3% 

33.2% 


in  more  automobile  accidents.  The  degree  of  im- 
portance of  this  relationship  is  not  known  and 
certainly  no  critical  I.Q.  scores  can  be  presented 
to  identify  groups  of  “susceptible”  drivers.  Any 
definite  statements  of  the  relation  between  ac- 
cidents and  intelligence,  based  on  “evidence” 
presently  available,  must  be  viewed  with  utmost 
skepticism. 


In  the  second  study  cited  ( 181 ),  Lauer  is 
reported  as  concluding  that  drivers  with  intel- 
ligence quotients  below  75  or  80  and  between 
1 10  and  125  are  more  apt  to  have  accidents  than 
other  people. 

It  will  be  noted  that  the  figures  in  the  above 
table  total  only  92.9%  so  interpretation  is  ren- 
dered somewhat  difficult.  As  they  stand,  however, 
they  seem  to  indicate  that,  contrary  to  Lauer’s 
second  statement,  it  is  the  group  of  average  in- 
telligence which  is  most  susceptible  since  the  mid- 
dle 30  per  cent  of  the  I.Q.  range  accounted  for 
42.3  per  cent  of  the  accidents. 

In  addition,  Ghiselli  and  Brown  (136) 
failed  to  find  any  validity  in  the  intelligence  and 
education  requirements  used  in  the  selection  of 
motor  coach  operators  in  a city  transit  system. 

With  respect  to  the  second  method  of  esti- 
mating intellectual  capacity,  namely,  years  of 
school  completed,  the  results  are  equally  incon- 
sistent. Cobb  (68)  found  a definite  and  reliable 
relationship  between  years  of  schooling  and  ac- 
cident frequency,  those  with  most  schooling 
tending  to  have  fewer  accidents.  Brody  (42), 
however,  found  no  relationship  at  all.  The  26 
members  of  his  accident-repeater  group  had  a 
mean  number  of  years  of  schooling  of  10.4  as 
compared  with  a mean  of  10.6  for  a control  group 
of  equal  size.  Cobb’s  data  would  seem  to  be  more 
valid  in  view  of  the  relative  thoroughness  with 
which  the  two  studies  were  conducted,  though 
each  study  leaves  something  to  be  desired  in  the 
way  of  scientific  rigor. 

In  summary,  it  may  be  assumed  that  intel- 
lectual factors  have  some  effect  on  accident  in- 
volvement. It  would  seem  that  persons  who  score 
lowest  on  intelligence  tests  tend  to  be  invloved 


KNOWLEDGE  OF  PROCEDURES  Seemingly  more 
directly  relevant  to  a study  of  accident  liability 
than  a driver’s  intellectual  ability  is  his  actual 
knowledge  of  safe  driving  practices. 

Although  it  may  be  presumed  that  drivers 
who  have  absolutely  no  knowledge  of  driving 
rules  and  procedures  will  be  poor  insurance  risks 
it  does  not  follow  that  knowledge  of  safe  driving 
procedures  necessarily  has  any  material  effect 
on  driver  behavior. 

This  thesis  has  been  subjected  to  test  by 
several  investigators.  Two  of  the  three  studies 
actually  found  that  the  accident  group  obtained 
better  scores  on  tests  of  driving  knowledge  than 
did  the  non-accident  group.  The  positive  results 
were  obtained  by  the  American  Automobile  As- 
sociation in  1939  ( 133)  and  the  negative  find- 
ings by  the  Eno  Foundation  for  Highway  Traffic 
Control  (114)  and  the  Personnel  Research  Sec- 
tion, Adjutant  General’s  Office  (331,  p.  65). 

These  findings  have,  of  course,  significant 
implications  for  driver  training  programs.  We 
have  noted  that  physical  characteristics  have 
only  a slight  relationship  to  accident  susceptibil- 
ity. We  have  seen  that  neither  high  intelligence 
per  se  nor  knowledge  of  safe  driving  practices  is 
guarantee  against  accident  involvement.  It  would 
seem,  therefore,  that  the  driver’s  attitudes,  moti- 
vations, and  moods  must  be  the  factors  which 
discriminate  between  successful  and  unsuccess- 
ful operators.  If  this  be  true,  then  our  entire  driver 
education  program  must  be  directed  toward  dis- 
covering and  remedying  attitudes  which  militate 
against  safe  operation  of  motor  vehicles.  At- 
tempts to  discover  these  unfavorable  tempera- 
ment factors  will  be  surveyed  in  the  following 
section. 
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III.  TEMPERAMENT  FACTORS  IN  RELATION  TO  HIGHWAY  SAFETY 


Because  of  indications  that  accidents  occurred 
to  individuals  which  could  not  be  explained  on 
a chance  basis  some  investigators  directed  their 
attention  to  determining  personal  characteristics 
of  accident-drivers,  accident-repeaters,  and  traf- 
fic violators.  In  reviewing  reports  of  their  studies 
some  interesting  results  are  found. 

For  example,  the  “accident  prone”  person 
possesses  undesirable  social  traits  (353)  and  he 
possesses  desirable  social  traits  (42) ; he  is  over- 
confident (131)  and  he  is  over-cautious  ( 297 ) ; 
he  is  aggressive  ( 297 ) and  he  is  timid  ( 1 8 1 ) ; he 
is  competitive  (115)  but  easily  frustrated  (115); 
he  is  unintelligent  (42,  181,  277,  285,  296) 
but  he  may  be  quite  intelligent  (42) ; he  is  neu- 
rotic (296),  claustrophobic  (297),  psychotic 
(181,  277,  296,  302),  schizophrenic  (38,  285). 
He  is  impulsive  (278,  297),  careless  (131), 
reckless  (57,  181),  and  not  alert  ( 277 ) . He  is  a 
“ne’er  do  well”  (181)  and  is  drug-addicted 
(181)  and  alcoholic  (277,  296).  He  has  “bad 
attitudes”  (115,  297)  and  may  be  excitable  or 
depressed  (285).  He  is  self-destructive  (278, 
285).  His  personal  history  indicates  he  comes 
from  an  unstable  childhood  home  (297,  332), 
his  parents  are  divorced  ( 332 ) , he  has  had  short 
term  employments  and  firings  (332),  is  unco- 
operative (278,  297,  312,  332)  and  delinquent 
(297,  312,  332)  and  is  sexually  promiscuous 
(332).  In  short,  he  is  maladjusted  (42). 

All  but  one  of  the  above  studies  was  based 
on  an  “analysis”  of  a group  of  persons  who 
either  violated  traffic  laws  or  who  had  accidents. 
The  majority  of  investigators  seemed  to  be  little 
concerned  whether  the  characteristics  they  listed 
were  also  present  in  non-violators  or  non-acci- 
dent drivers.  This,  of  course,  is  a most  serious 
methodological  oversight,  and  one  which  could 
lead  to  quite  severe  consequences.  The  casual 
reader  may  be  totally  mislead  by  a few  such  ar- 
ticles; in  fact,  certain  prominent  workers  in  the 
area  of  highway  safety  have  blithely  included 
the  results  of  some  of  the  above  studies  to  sup- 
port their  own  rather  shaky  opinions  concerning 


accident  causation. 

The  absence  of  a control  group  is  not  the 
only  criticism  that  may  be  leveled  at  the  above 
studies.  It  should  also  be  noted  that  the  tech- 
niques of  selecting  groups  for  stuay  were  poor, 
at  best.  The  acceptance  of  volunteers,  for  ex- 
ample, may  introduce  certain  uncontrolled  vari- 
ables. No  attempt  was  made  to  secure  cross-sec- 
tional, or  representative,  samples;  the  sample 
size  was  uniformly  small;  insufficient  controls 
were  employed  in  selecting  control  groups  in 
the  few  instances  that  control  groups  were  used 
(one  study  accepted  as  a control  group  volun- 
teers who  were  “assumed”  to  have  “average”  ac- 
cident records,  whatever  this  means);  and  in 
only  two  instances  were  tests  of  significance 
made.  A brief  summary  of  samples  selected  and 
tests  employed  is  presented  in  Table  II. 

Other  drawbacks  of  these  investigations 
have  been  presented  on  pages  1 29  and  1 30  of  the 
present  report.  The  most  that  can  be  safely  con- 
cluded from  studies  of  the  relation  between  per- 
sonality characteristics  and  traffic  accidents  is 
that  the  results  are  inconclusive. 

We  might  suggest  as  a beginning  to  an  at- 
tack on  the  problem  that  investigators  develop 
(a)  some  valid  measures  of  certain  personality 
“traits”  and  (b)  an  acceptable  criterion  measure 
of  driving  proficiency.  The  investigators  may 
then  turn  their  attention  to  the  problems  involved 
in  the  selection  of  adequate  experimental  and 
control  groups  which  have  heretofore  been 
rather  circumspectly  avoided  by  many  highway 
research  personnel. 

There  is  also  possibility  that  transient  atti- 
tudes may  influence  the  driver  to  an  extent  that  he 
becomes  involved  in  an  accident.  In  other  words, 
the  accident-driver  may  obtain  “normal”  scores 
on  tests  of  personality  when  he  is  in  a non-stress- 
ful  situation,  but  may  occasionally  ( 1 ) be  so  late 
for  an  appointment  (2)  frustrated  by  heavy  traf- 
fic or  ( 3 ) emotionally  disturbed  by  some  other 
such  stimulus  that  his  proficiency  in  handling 
his  vehicle  is  temporarily  disturbed. 
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TABLE  II 


Summary  of  Certain  Studies  Concerned  with  Characteristics  of  Accident  Prone  Drivers 


Biblio- 

graphic 

Refer- 
ence Accident  Group 

N 

Control 

Group 

N 

Tests  Used 

Test  of 
Signifi- 
cance 

Made 

38  traffic  violators 

58 

volunteers 

59 

Minnesota  Multiphasic 
Personality  Inventory 

Yes 

42  drivers  with  3 + 
accidents 

26 

accident 

free 

volunteers 

26 

Siebrecht  Scale  and  Bell 
Adjustment  Inventory 

No 

1 1 5 unknown 

unknown 

Siebrecht  Scale,  Iowa  State 
Multi-Attitude  Scale  and 

Non-standardized  Perform- 
ance Tests 

No 

1 3 1 accident  repeaters 

138 

volunteers 

52 

Harvard  Traffic  Bureau 
Battery  and  Forbes 

Miniature  Highway  Test 

No 

1 8 1 none 

none 

none 

No 

277  violators 

100 

none 

“a  social  investigation” 

No 

278  none 

none 

none 

No 

285  drivers  injured  in 
accidents 

128 

none 

“analysis  of  circumstances  of 
accident  as  a whole” 

No 

296  court  referrals 

500 

none 

“psychological  and  clinical 
tests  (unspecified) 

No 

297  traffic  offenders 

300 

none 

unstandardized  paper-and- 
pencil  and  perform-ance  tests 

No 

312  employees  of  ele- 
vated railway 
company 

(un- 

spec.) 

none 

company  records 

No 

332  high  accident 
drivers 

20 

low  acci- 
dent drivers 

20 

interviews,  personal  history 
blank  and  court  records 

No 

353  random  group  of 
drivers 

204 

random 
group  of 
drivers 

470 

“social  data” 

Yes 
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CONCLUSIONS 


A survey  has  been  made  of  the  literature  related 
to  highway  safety.  The  results  of  the  various 
studies  reviewed  appear  to  justify  the  following 
conclusions: 

1.  Accident-proneness.  Much  of  the  lit- 
erature on  accident-proneness  must  be  dis- 
counted because  of  inadequacies  in  the  data  or 
the  procedures  of  analysis.  Despite  these  limita- 
tions there  appears  to  be  a tendency  for  indi- 
viduals to  differ  in  their  susceptibility  to  highway 
accidents. 

2.  Vision.  Above  a minimum  level  of 
visual  acuity,  vision  seems  to  play  only  a very 
slight  role  in  influencing  accident  occurrence. 

3.  Psychomotor  abilities.  There  are  no 
clear-cut,  demonstrable  relationships  between 
measured  psychomotor  activities  and  accident 
occurrence.  This  may  be  due  to  sampling  in- 
adequacies, unreliable  criteria,  or  imperfect 
measures. 

4.  Physiological  conditions. 

a.  Autonomic  nervous  system.  Blood 
pressure,  pulse  rate  and  galvanic 
skin  response  are  very  slightly  re- 
lated to  accident  rate. 

b.  Alcohol.  Any  alcohol  at  all  con- 
sumed by  the  driver  seems  to  have 
some  effect  upon  accident  rate. 

c.  Fatigue.  Length  of  time  spent  driv- 
ing is  strongly  related  to  decreased 
performance  on  certain  psycho- 
physical tasks.  However,  the  dem- 
onstrated relationship  between  such 
psychophysical  tasks  and  the  actual 
job  of  driving  is  extremely  small. 

5.  Intelligence.  There  is  some  slight  indi- 
cation that  persons  who  do  relatively  poorly  on 


standard  tests  of  intelligence  tend  to  be  involved 
in  more  automobile  accidents. 

6.  Knowledge  of  Procedures.  There  is  no 
indication  that  mere  knowledge  of  safe  operat- 
ing rules  and  procedures  has  any  effect  on  re- 
duced accident  rate. 

7.  Temperament.  Nearly  every  undesir- 
able characteristic  known  to  mankind  has  been 
cited  as  the  cause  for  accidents,  but  the  evidence 
offered  to  support  these  ideas  is  not  nearly  as 
great  as  the  conviction  with  which  they  are  ex- 
pressed. No  single  measurable  personality  vari- 
able has  been  found  which  is  reliably  related  to 
the  accident  rate  of  a representative  group  of 
drivers.  This  statement  does  not  imply  that  no 
relationship  exists;  merely  that  none  has  thus 
far  been  identified. 

8.  Methodology.  An  accident  may  be  pre- 
cipitated by  any  one  of  a large  number  of  factors, 
or  several  factors  in  combination.  It  is  unreason- 
able, therefore,  to  expect  that  any  single  factor, 
considered  by  itself,  will  show  a very  substantial 
relationship  with  accident  rate.  Many  previous 
research  studies,  despite  the  difficulties  of  secur- 
ing large  samples  and  sustaining  long  range  re- 
search programs,  have  discovered  relationships 
between  accident  occurrence  and  certain  other 
variables.  It  is  somewhat  unfortunate  that  these 
studies,  valuable  though  they  are,  have  led  in 
the  direction  of  discovering  general  relationships 
rather  than  toward  discovering  the  basic  be- 
haviors which  contribute  directly  to  accidents. 
It  is  far  less  important  to  know  what  type  of  per- 
son has  accidents  than  to  know  what  persons  do 
to  become  accident  victims.  It  is  impractical  to 
assume  that  we  can  bar  large  numbers  of  drivers 
from  the  highways  but  it  is  entirely  reasonable  to 
state  that  we  can  attempt  to  alter  their  hazardous 
behaviors  . . . once  these  behaviors  are  known. 


142 


TRAFFIC  ENGINEERING  SUPPLEMENT 

INTRODUCTION  During  the  course  of  abstracting  the  bibliographic  references  for  the  present  review  it 
was  discovered  that  a number  of  reports  referred  to  studies  which  were  concerned  with  traffic  engineer- 
ing features.  As  such,  they  did  not  fit  logically  into  the  outline  originally  planned  for  the  review.  They 
are,  however,  of  definite  information-value  to  the  Joint  Safety  Research  Group  and  are  summarized  in 
the  following  supplement  to  the  main  report.  It  is  to  be  emphasized  that  the  studies  discussed  do  not  by 
any  means  represent  all,  or  even  a substantial  portion,  of  that  which  has  been  discovered  in  any  given  area. 

Each  of  the  studies  cited  indicates  the  need  for  any  study  of  accident  causation  to  consider  not 
only  the  driver,  his  vehicle,  or  the  environmental  factors  present  at  the  lime  but  to  interpret  accident 
causation  in  terms  of  all  three  variables  acting  as  a functional  unit.  In  terms  of  the  driver  as  a reference 
point,  the  investigator  must  consider  driver  behavior  as  it  is  limited  by  vehicle  design  and  taxed  by  the 
immediate  environment. 


AUTO  DESIGN  Although  many  investigators  re- 
port that  the  great  majority  of  automobile  acci- 
dents are  due  to  driver  error,  it  is  quite  likely 
that  the  design  of  the  vehicle  may  be  at  least 
partially  to  blame.  In  other  words,  the  automobile 
designer  can  make  the  driver’s  task  easier,  and 
thus  influence  the  accident  rate,  merely  by  mak- 
ing slight  changes  on  his  blueprints. 

Dunlap  has  pointed  out  that  drivers  who 
shy  away  from  the  right  shoulder  of  the  road 
may  do  so,  not  because  of  any  personality  char- 
acteristic of  “hoggishness”,  but  merely  because 
they  are  not  sure  where  their  wheels  are  (106). 
Placing  the  windshield  lower,  building  the  fend- 
ers higher  or  providing  vertical  seat  adjustments 
( 247 ) so  that  the  fenders  could  be  seen  from  the 
driver’s  seat  may  overcome  this  tendency.  It 
would  be  fairly  easy  to  study  this  hypothesis. 
Motion  picture  cameras  could  be  set  up  at  se- 
lected locations.  The  cameras  could  be  operated 
electronically  by  the  passing  vehicles.  The  autos 
could  then  be  grouped  according  to  visibility  or 
no-visibility  of  front  fenders  and  the  mean  lateral 
distances  computed. 

It  may  well  be  that  other  accidents  present- 
ly attributed  to  driver  error  may  also  be  due  to 
the  driver’s  inability  to  surmount  difficulties 


which  are  inherent  in  his  auto’s  design.  For  ex- 
ample, Henderson*  calls  attention  to  the  driver’s 
“self-righting  reflex”.  If  the  auto  enters  a skid 
or  if  it  is  slightly  bumped  by  another  vehicle 
there  is  a tendency  for  the  driver  to  grip  the  wheel 
tighter  and  to  steady  himself  by  bracing  his  legs. 
He  may  thus  inadvertantly  depress  the  accelera- 
tor pedal  and  compound  his  difficulties.  The 
“fail-safe”  principle  has  long  been  employed  in 
designing  railroad  equipment.  It  is  interesting  to 
note  the  automotive  industry’s  failure  to  incorpo- 
rate this  design  feature  in  their  product. 

Additional  hazardous  design  features  are 
lights  which  fail  to  pierce  fog  (driver  “error”  is 
perceptual  loss,  or  traveling  too  fast  for  condi- 
tions); glaring  headlights  (driver  “error”  listed 
in  perceptual  area);  and  protruding  metal  parts 
which  serve  to  increase  the  severity  of  any  acci- 
dent. (11,  157,241,335) 

Some  automobile  manufacturers  have  in- 
corporated certain  design  features  in  their  recent 
autos  which  provide  an  opportunity  for  con- 
trolled evaluation  of  these  suggestions.  It  is  now 
potentially  possible  to  determine  the  effect  of 
certain  design  features  upon  the  driver’s  capabili- 
ties. 

*Henderson,  Y.  How  cars  go  out  of  control:  analysis  of  the 
driver’s  reflexes.  Science,  1935,  82,  603-606. 
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ROAD  SURFACE  The  Department  of  Scientific 
and  Industrial  Research  in  Great  Britain  con- 
ducted an  investigation  which  will  serve  to  illus- 
trate the  dramatic  consequences  of  an  environ- 
ment complicating  the  driver’s  task  (314).  Two 
sections  of  roadway  were  investigated  which 
consisted  of  wood  blocks.  In  the  period  from 
November  8,  1937  to  February  7,  1938  there 
were  63  accidents  on  Section  A and  57  acci- 
dents on  section  B.  Section  A was  then  surface 
dressed  with  a “non-skid  material”.  In  the  period 
from  November  8,  1938  to  February  7,  1939 
there  were  only  4 accidents  on  Section  A and  86 
on  section  B.  These  results  are  even  more  im- 
pressive when  one  considers  the  increased  rain- 
fall during  the  second  period  (7.38"  vs.  1 1.23" 
respectively;  or  45  dry  days  vs.  29  dry  days  in 
the  second  period. ) 


The  implications  of  the  above  study  for 
highway  safety  are  clear.  The  study  indicates 
that  when  the  highway  engineer  can  simplify  the 
drivers’  task  or,  more  accurately,  can  reduce  the 
demands  made  upon  the  driver,  a marked  reduc- 
tion in  the  accident  rate  will  occur.  If  a means 
were  found  to  maintain  a completely  dry,  or 
“non-skid”,  roadway  it  seems  safe  to  predict  that 
there  would  be  a considerably  lower  accident 
rate. 

ROAD  CURVATURE  Baldwin  demonstrated  a re- 
lationship between  degree  of  curvature  of  road 
and  accident  rate  which,  again,  illustrates  the 
interaction  effect  of  the  driver,  the  vehicle,  and 
the  environment.  In  investigating  the  accidents 
on  two-lane  highways  in  eight  states,  he  dis- 
covered a steady  increase  in  accident  rate  (ad- 


TABLE  III 

Relation  Between  Road  Curvature  and  Accident  Rate 
(from  Baldwin,  reported  in  314) 

Accidents 

(per  1 

Accident  Rate 
million  vehicle  miles) 

° of  curve/ 1 OO'  rd. 

Flow  5000 
veh/ day 

Flow  5-10,000 
veh/day 

5000 
veh/ day 

5-10,000 
veh/ day 

less  than  2 

250 

37 

2.4 

1.9 

2-2.9 

221 

47 

3.3 

2.5 

3-3.9 

152 

65 

3.5 

3.5 

4-4.9 

158 

64 

3.7 

3.7 

5-5.9 

139 

35 

4.3 

3.3 

6-6.9 

119 

34 

3.9 

2.8 

7-9.9 

115 

25 

3.1 

2.5 

10-13.9 

132 

24 

3.7 

2.6 

14-19.9 

108 

12 

6.3 

* 

20  and  over 

129 

13 

7.6 

❖ 

^Sample  considered  too  smcdl  for  reliability. 
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justed  for  vehicle  miles  and  for  traffic  flow)  and 
degrees  of  curvature  per  1 00  feet  of  road  (314). 

The  results  of  this  investigation  are  pre- 
sented in  Table  III. 

Baldwin  also  discovered  a relationship  be- 
tween accident  rate  and  width  of  road  (two-lane 
highways).  He  concluded  that  increasing  the 
width  of  the  road  up  to  23  feet  has  a definite  ef- 
fect on  accident  rates.  These  results  are  corro- 
borated by  a study  cited  by  Lawshe  (202). 

The  effect  of  curves  on  driver  behavior  has 
been  investigated  by  Steinbaugh  and  by  Thomp- 
son (cited  in  202) . Although  their  investigations 
were  conducted  on  two-lane  highways  it  is  prob- 
able that  the  behaviors  they  observed  are  even 
more  likely  to  appear  on  four-lane  highways 
where  the  danger  of  head-on  collisions  is  re- 
duced. It  was  found  that  drivers  tend  to  “hug” 
the  inside  of  the  pavement  when  negotiating  a 
curve  regardless  of  the  direction  of  travel.  More 
than  15%  of  vehicles  traveling  over  50  mph 
use  the  wrong  side  of  the  road  in  this  manner. 

This  tendency  to  cut  across  curves  is  ac- 
centuated by  the  speed  the  driver  is  traveling. 
Moreover,  even  on  straight  stretches,  the  speed 
at  which  the  driver  is  traveling  influences  his 
lateral  position  on  the  road.  At  speeds  below  40 
mph  the  average  distance  from  the  edge  of  the 
pavement  for  the  right  front  wheels  was  found 
to  be  4.8  feet.  At  speeds  from  40-60  mph  the 
distance  was  6.4  feet  and  at  speeds  greater  than 
60  mph  it  was  8.6  feet. 

These  findings  suggest  an  explanation  for 
many  sideswiping  accidents.  (One  wonders 


whether  there  is  a simitar  avoidance  of  the 
medial  strip  edge  on  the  part  of  Turnpike 
drivers.)  Thompson  and  Hebden  (330)  found 
that  drivers  of  autos  being  passed  tend  to  follow’ 
the  center  line  of  their  own  lane.  But  when  pas- 
senger cars  passing  trucks  come  uncomfortably 
close  to  the  left  edge  of  the  road  it  is  as  often  due 
to  their  own  driving  habits  (judgment?)  as  it  is 
to  their  being  crowded  over  by  the  passed  ve- 
hicle. 

ROAD  LIGHTING  The  Ministry  of  Transport  in 
Great  Britain  investigated  changes  in  accident 
rate  during  various  times  of  the  day.  Fatal  high- 
way accidents  occurring  on  weekdays  in  Eng- 
land were  tallied  in  separate  hourly  periods  for 
each  month  of  the  year  ( 1935)  in  order  to  arrive 
at  an  estimate  of  relative  road  hazards  during 
daylight  and  darkness.  It  was  found  that  the  dis- 
tributions of  accidents  by  month  of  the  year  for 
particular  hours  of  the  day  were  not  different 
from  the  distributions  that  would  be  expected  to 
occur  by  random  chance,  except  for  those  hourly 
periods  which  were  dark  for  some  months  of  the 
year  and  light  for  others.  In  these  periods  the 
ratio  of  accidents  at  night  to  accidents  in  the  day- 
time was  approximately  2 to  1 . This  difference  is 
significant,  indicating  a stronger  probability  of 
accidents  occurring  at  night.  Since  approximate- 
ly 40  per  cent  of  the  accidents  occur  at  night  it 
would  seem,  on  the  basis  of  the  above,  that  ap- 
proximately 20  per  cent  of  the  total  accidents 
could  be  eliminated  by  sufficient  improvements 
in  highway  and  vehicle  lighting  (314). 


TABLE  IV 

Accidents  in  Hartford,  Connecticut  Before  and  After  the  Lighting  in  Certain  Streets  was  Improved  (307) 


Relighted  Sections  Unchanged  Sections  Rest  of  City 


Day 

Night 

Day 

Night 

Day 

Night 

One  Year  Before  . . . . . 

...  232 

248 

222 

195 

686 

480 

One  Year  After 

...  217 

133 

246 

203 

680 

477 
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This  assumption  is  supported  by  evidence 
gathered  in  Hartford,  Connecticut  and  reported 
by  Simpson  (307).  The  lighting  of  ten  miles  of 
street  was  increased  from  0.18  to  0.43  lumens 
per  square  foot.  The  number  of  accidents  oc- 
curring in  relighted  sections  during  the  one  year 
period  following  the  change  was  about  half  the 
number  occurring  in  the  preceding  year.  Acci- 
dent frequencies  in  unchanged  areas  remained 
fairly  constant. 

An  interesting  comparison  is  the  per  cent 
of  total  accidents  occurring  in  Great  Britain  dur- 
ing a one  year  period  (314)  under  varying  light 
conditions  with  the  per  cent  occurring  on  the 
Pennsylvania  Turnpike  during  its  first  11  years 
of  operation.  To  serve  as  a reference,  the  per 
cent  of  each  24  hour  period  classified  by  light 
conditions  was  abstracted  from  the  World  Al- 
manac. These  data  are  presented  in  Table  V. 


tion,  has  received  little  attention  in  formal  publi- 
cations. 

Eliot  (110)  cites  the  results  of  a survey 
conducted  in  Rhode  Island  which  indicated  that 
42  per  cent  of  drivers  failed  to  slow  to  15  mph 
at  locations  controlled  by  a flashing  amber  light. 
Other  surveys  cited  in  the  same  report  indicated 
that  from  22  per  cent  to  62  per  cent  of  drivers 
fail  to  make  a complete  stop  at  standard  stop 
signs. 

On  the  other  hand,  results  of  informal  sur- 
veys, such  as  those  presented  in  the  Iowa  State 
College  Driving  Laboratory  News,  frequently 
cite  “significant  decreases  in  accidents  after  in- 
stallation” of  sign  equipment. 

It  is  difficult  for  a person  who  has  any  faith 
at  all  in  the  human  being  as  a rational  animal  to 
believe  that  appropriate  signs,  well  placed,  will 
fail  to  have  an  effect  on  accident  rate.  Every  bit 


TABLE  V 

Per  Cent  of  Total  Accidents  Occurring  Under  Various  Light  Conditions 

Per  Cent  of  Total  Accidents 

Turnpike  Great  Britain  Per  Cent  of  Day 


Daylight  58  57  51 

Dusk-Dawn  5 5 14 

Night  37  38  35 


Of  course,  the  above  table  gives  no  infor- 
mation about  vehicle  miles  driven  under  the 
various  light  conditions  but  the  similarity  is 
striking  for  the  two  regions.  This  is  especially  so 
when  one  considers  the  disparity  of  conditions 
between  the  two  locations;  weather  and  road 
differences,  lack  of  illumination  on  the  Turn- 
pike, etc. 

ROAD  SIGNS  A considerable  number  of  studies 
have  been  carried  out  to  investigate  the  effects 
of  color,  shape,  legend,  reflectorization,  size, 
emphasis,  location  and  standardization  of  signs 
but  the  actual  effect,  in  terms  of  accident  reduc- 


of  information  that  is  communicated  to  the  driver 
must  of  necessity  increase  his  ability  to  cope  with 
the  driving  situation  immediately  at  hand.  The 
requirements  for  a “valuable”  sign  in  this  regard 
are  (a)  that  it  be  legible  under  all  weather  con- 
ditions and  at  all  speeds  and  (b)  that  it  com- 
municate a message  which  seems  reasonable  to 
the  driver.  An  example  of  a sign  which  does  not 
fulfill  the  latter  requirement  is  a “reduced  speed” 
sign  along  a roadway  where  there  is  absolutely 
no  visible  hazard.  In  such  cases  an  “explanation” 
to  the  driver  of  the  necessity  for  more  caution  is 
clearly  obligatory. 
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SUMMARY  The  traffic  engineering  supplement 
has  presented  the  results  of  representative  studies 
concerned  with  the  effect  of  auto  design,  road 
surface,  curvature,  width,  and  lighting  upon  ac- 
cident occurrence.  The  results  cited  indicate  the 
many  important  contributions  made  by  traffic 
engineers  in  reducing  the  accident  rate.  But 
highway  accidents  continue  to  occur.  Without 
minimizing  in  any  way  the  significance  of  en- 
gineering efforts  it  can  be  stated  that  more  work 
can  and  should  be  done  on  the  accident  problem. 

The  use  of  psychological  tests  has  been 
sufficiently  successful  to  indicate  that  certain 
minimal  standards  are  desirable  for  applicants 
for  drivers’  licenses,  e.g.,  tests  of  vision,  reaction 
time,  etc.  In  addition,  the  preliminary  work  that 
has  been  done  in  investigating  the  relation  be- 


tween personality  characteristics  and  accidents 
indicates  that  future,  carefully  conducted,  re- 
search may  yield  important  advances.  It  is  be- 
lieved that  new  developments  in  research  meth- 
ods will  uncover  data  which  has  hitherto  been 
partially  obscured  by  non-standard  terminology. 
For  example,  a detailed  classification  of  actual 
driver  behaviors  which  directly  contributed  to 
the  occurrence  of  an  accident  should  do  much 
to  clear  the  air  of  speculation  and  surmise.  A 
study  of  these  behaviors  in  the  context  of  weather 
and  road  conditions  facing  the  driver  at  the  time 
of  the  accident  should  serve  to  indicate  avenues 
of  attack  on  the  problem  of  reducing  highway 
accidents.  There  is  no  satisfactory  substitute  for 
such  factual  data  as  a source  of  hypotheses  to  be 
investigated. 
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'A 


FIELD  SURVEYS 

INTRODUCTION  This  section  of  the  report  is  set  aside  for  the  coverage  of  the  field  survey  work.  That 
field  work  dealing  with  the  “Near  Accident”  interviews  has  been  made  part  of  Chapter  II. 


The  activities  of  the  field  group  covered: 

I.  Base  Line  or  Exposure  Data 

A.  Speed  Survey 

B.  Traffic  Flow  and  Composition 

C.  Weather 

D.  Curve  Rating 

E.  Roadway  Element  and  Place  Division 

II.  Accident  Investigations 

III.  General  Field  Observations 

A.  Maintenance 

B.  Police 

C.  Radio  System 

D.  Signing 

BRIEF  SUMMARY: 

I.  Base  Line  or  Exposure  Data 

A.  Speed  Survey 

The  speed  data  served  to  give  answers  re- 
garding the  question  of  speed,  and  served  as  a 
good  indicator  of  the  drivers’  recognition  or 
lack  of  recognition  of  environmental  cues  call- 
ing for  various  degrees  of  caution. 

The  survey  showed  that  passenger  cars 
were  traveling  under  good  weather  and  road 
conditions  at  a “10  mile  pace  speed”  (10  mile 
per  hour  spread  at  which  most  cars  travel)  of 
53  to  63  miles  per  hour.  This  10  mile  pace  for 
trucks  was  45  to  55  miles  per  hour. 

A point  of  importance  is  that  drivers  do 
not  reduce  speed  appreciably  on  wet  roads — 
indicating  they  do  not  consider  this  condition  a 
potentially  great  hazard.  Further,  truck  drivers 
slow  down  slightly  on  icy  roads  as  compared  to 
wet  or  dry  pavement.  The  passenger  car  driver, 
on  the  other  hand,  recognizes  the  hazard  in 
snowy  and  icy  roadway  as  evidenced  by  an 


average  10  miles  per  hour  reduction  in  speed 
under  these  conditions. 

B.  Traffic  Flow  and  Composition 

The  traffic  flow  data  allows  appraisal  of 
various  accident  categories  and  has  been  used 
in  this  manner. 

The  data  collected  permitted  a close  esti- 
mate of  the  ratio  of  day-to-night  average  traffic 
flow.  The  estimates  indicate  that  during  the  six 
month  period  between  the  middle  of  October 
and  the  middle  of  April,  about  40%  of  the 
overall  traffic  flow  takes  place.  Further,  the  day 
traffic  runs  close  to  1.4  times  the  night  time  and 
twilight  hour  traffic  during  this  same  period.  A 
close  estimate  shows  these  figures  to  run  60% 
and  1.6:1,  respectively,  for  the  remaining  period 
of  the  year. 

C.  Weather 

As  in  the  case  of  all  base  line  information, 
the  weather  data  permitted  approximate  ratings 
of  the  accidents  according  to  weather.  This  same 
information,  together  with  the  Turnpike’s  road 
condition  reports,  made  possible  close  estimates 
of  the  road  surface  condition  exposures. 

Close  estimates  established  for  1952 
showed  the  weather  condition  breakdown  to 
run  as  follows: 

Clear  or  Cloudy 82.8% 

Precipitation 17.3% 

(rain,  snow,  sleet,  hail) 

Fog 3.0% 

(visibility  V4  mile  or  less) 

From  this  and  road  reports  the  estimates  of 
roadway  conditions  ran: 

Dry  77% 

Wet  18% 

Snow  or  Slush 2% 

Ice  or  Icy  Spots 3 % 
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D.  Curve  Rating 

The  main  point  of  interest  here  is  that 
roughness  of  pavement,  as  well  as  length  of 
curve,  degree  of  curvature,  and  amount  of  super- 
elevation, determined  whether  the  curve  was 
rated  as  one  appearing  to  require  driving  effort. 
This  data  is  available  for  further  detailed  study 
should  this  phase  of  study  be  deemed  necessary. 

E.  Roadway  Element  and  Place  Division 

These  values  were  set  up  to  show  the  de- 
gree of  main  line  exposure  according  to  road- 
way element  so  as  to  establish  a basis  for  ap- 
praising accidents  from  that  standpoint. 

The  breakdown  is  as  follows: 

Base  Line  Percentages 
According  to  Place 


♦Place  % miles 

1.  Interchange  Areas 4.4 

2.  Service  Station 3.4 

3.  Tunnel  Portal 4 

4.  Tunnel  Approach 1.5 

5.  In  Tunnel  2.4 

6.  Bridges  9 

7.  Main  Line  Normal 87.0 


*NOTE:  These  are  % of  miles  of  the  main 
road  passing  interchange  areas,  service  sta- 
tion areas,  etc. 


II.  Accident  Investigations 

The  actual  “on-the-scene”  witnessing  of  ac- 
cidents served  two  purposes.  First,  it  gave  the 
research  group  first-hand  knowledge  regarding 
accidents  thereby  building  up  a judgment  factor 
which  aided  in  considering  the  various  phases 
of  accidents.  Secondly,  the  resulting  reports, 
when  later  compared  with  the  police  reports 
covering  the  same  accidents,  permitted  an  evalu- 
ation of  the  over-all  police  report  data  being  used 
for  the  research. 

Suffice  it  to  say  that  this  experience  aided 
the  program  materially  and  indicated  that  the 
data  taken  from  past  police  reports  is  entirely 
adequate  for  the  part  it  is  playing  in  the  study. 

III.  General  Field  Observations 

Some  of  the  observations  made  substantiate 
past  discussions.  For  example,  in  the  case  of 
police,  it  was  noted  that  legal  requisites  such  as 
attending  hearings,  which  take  place  some  dis- 
tance from  the  Turnpike,  cut  into  the  patrol- 
man’s time  on  the  highway. 

Also,  certain  other  items  have  been  noted, 
some  of  which  have  since  been  in  the  process  of 
correction.  For  example,  at  curves  where  it  has 
been  difficult  to  maintain  the  berm  even  with 
the  edge  of  the  road,  steps  have  been  taken  to 
stabilize  the  berm  with  asphalt. 


FIELD  SURVEY  DETAILS 


I.  Base  Line  Data 
A.  Speed  Survey 

Seventy-nine  tests,  each  lasting  from  1 to 
3 hours,  were  made  between  early  February, 
1953  and  the  end  of  June,  1954.  Test  locations 
were  selected  throughout  the  entire  length  of  the 
Turnpike  so  as  to  cover  the  various  types  of 
terrain  and  to  include  both  the  60  and  70  m.p.h. 
speed  limit  zones. 

The  speed  of  approaching  traffic  was  meas- 
ured by  radar  equipment  from  a point  on  the 
berm  about  10  feet  from  the  edge  of  the  con- 


crete. The  equipment  was  set  up  in  the  trunk 
of  a passenger  car.  The  trunk  lid  was  left  open 
and  the  automobile  was  disguised  as  a vehicle 
with  mechanical  trouble.  This  was  done  so  as 
not  to  alter  the  driving  habits  of  the  traffic  as  it 
approached  the  parked  vehicle.  The  camouflage 
proved  to  be  effective.  In  fact,  on  quite  a num- 
ber of  occasions  both  police  and  maintenance 
personnel  stopped  to  see  if  the  “patrons”  needed 
any  help.  Two  observers  were  used,  one  to  read 
the  “speed  meter”  and  the  other  to  spot  the  type 
of  vehicle  and  record  the  data  on  a chart  in  the 
form  of  distribution  curves.  (See  Appendix  F 
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for  sample  speed  distribution  curve.) 

Separate  curves  were  plotted  for  passenger 
and  for  commercial  traffic.  A distinction  was 
also  made  between  the  larger  tractor-semi-trail- 
ers and  the  smaller  commercial  vehicles  within 
the  actual  commercial  speed  distribution  curves. 
The  separation  between  passenger  cars  and  com- 


in both  the  45  and  50  m.p.h.  zones  under  similar 
conditions.  In  addition,  there  are  indications 
that  trucks  travel  slightly  faster  at  night  than 
during  daylight,  perhaps  because  the  traffic 
density  is  less  during  the  darkness  hours. 

The  table  below  shows  data  taken  from  two 
typical  tests. 


Date — 2-26-53  Speed  Limit  Zone — 60/45  m.p.h. 

Milepost  109.2  Eastbound  (Somerset  Area) 

Weather — Clear;  Roadway — Dry,  Straight,  Level  (±  0.50%  Grade) 

Passenger  Vehicles  Commercial  Vehicles 

10  Mile  Pace 53-63  m.p.h.  45-55  m.p.h. 

2 Percentile 44  m.p.h.  38  m.p.h. 

85  Percentile 64  m.p.h.  54  m.p.h. 

98  Percentile 70  m.p.h.  60  m.p.h. 

Date — 3-9-53  Speed  Limit  Zone — 60/45  m.p.h. 

Milepost  68.2  Eastbound  (Irwin  Area) 

Weather — ^Cloudy;  Roadway — Icy,  Cindered,  1.66%  Downgrade,  Straight 

Passenger  Vehicles  Commercial  Vehicles 

10  Mile  Pace 41-51  m.p.h.  37-47  m.p.h. 

2 Percentile 32  m.p.h.  34  m.p.h. 

85  Percentile 54  m.p.h.  48  m.p.h. 

98  Percentile 62  m.p.h.  54  m.p.h. 


mercial  vehicles  was  necessary  since  there  is  a 
difference  between  their  basic  driving  habits  and 
the  laws  under  which  the  two  groups  operate. 
Approximately  17,600  passenger  vehicles  and 
9,900  commercial  vehicles,  or  a total  of  about 
27,500  vehicles  were  observed. 

On  the  basis  of  the  above  tests  ( which  were 
largely  limited  to  the  late  winter  and  early  spring 
seasons)  passenger  car  traffic  traveled  with 
median  speeds  in  the  range  of  56  to  60  m.p.h.  in 
the  60  m.p.h.  zone  on  straight  and  level 
(±0.50%  Grade)  dry  roadway,  and  only 
slightly  faster  with  median  speeds  in  the  range 
of  58  to  64  m.p.h.  in  the  70  m.p.h.  zone.  Com- 
mercial vehicles  were  observed  to  travel  with 
median  speeds  in  the  range  of  46  to  52  m.p.h. 


Insofar  as  weather  and  its  effect  on  driving 
speeds  is  concerned,  observations  indicate  that 
the  median  speed  for  passenger  cars  drops  only 
slightly,  to  54  to  58  m.p.h.,  for  wet  roadway  and 
light  rain.  However,  speeds  drop  to  about  45 
m.p.h.  on  snowy,  slushy,  or  icy  roadway.  Com- 
mercial vehicles,  on  the  other  hand,  showed 
practically  no  speed  reduction  on  wet  roads  or  in 
rain.  They  did  reduce  their  speeds,  but  only 
slightly,  for  icy  roads  with  median  speeds  being 
observed  in  the  range  of  42  to  44  m.p.h.  under 
these  conditions. 

On  steep  down-grades  passenger  cars  did 
not  travel  much  differently  than  on  straight  and 
level  roadway.  On  long  up-grades,  passenger 
vehicles  appeared  to  travel  with  median  speeds 


175 


of  the  order  of  45  m.p.h.  This  is  probably  not 
as  accurate  a figure  as  the  general  data,  however, 
since  the  only  up-grade  test  data  was  taken  under 
somewhat  less  than  favorable  conditions. 

There  was  a tendency  for  commercial  ve- 
hicles to  travel  a few  miles  per  hour  faster  on 
steep  down-grades  than  on  straight  and  level 
roadway.  On  steep  up-grades  the  median  speeds 
for  commercial  vehicles  dropped  to  about  22 
m.p.h. 

There  are  indications  that,  on  Sunday  after- 
noons and  evenings,  the  median  speeds  observed 
for  passenger  cars  might  be  a few  miles  per  hour 
below  the  median  speeds  for  the  other  days  of 
the  week.  Commercial  vehicles,  on  the  other 
hand,  showed  less  of  this  tendency.  The  passen- 
ger car  speed  reduction  is  not  necessarily  a “Sun- 
day Driver  Habit”,  but  might  be  a result  of  the 
heavier  traffic  density  which  usually  exists  on 
Sundays. 

To  sum  up  the  results  of  the  speed  survey, 
it  might  be  said  that  the  only  factor  which  seri- 
ously affected  the  speed  of  vehicles  on  the  high- 
way was  a slippery  road.  It  may  be  further  said 
that  passenger  car  drivers  appeared  to  recognize 
the  increased  demands  of  slippery  roads  to  a 
greater  extent  than  commercial  drivers.  For 
some  reason  neither  passenger  or  commercial 
drivers  recognized  or  respected  the  task  involved 
while  driving  on  wet  roadway,  steep  down- 
grades or  while  driving  after  dark. 

A sample  speed  curve  is  included  in  Appen- 
dix F of  the  report.  Due  to  the  bulk  of  these 
curves,  they  have  been  excluded  from  the  appen- 
dix. They  are  available,  however,  at  the  Penn- 
sylvania Turnpike  Commission,  Harrisburg,  Pa. 

B.  Traffic  Flow  and  Composition 

An  automatic  traffic  count  recorded  the 
combined  hourly  passenger  car  and  truck  ve- 
hicle count  in  the  westbound  lane  at  Harrison 
City  Maintenance  Building.  These  data,  along 
with  the  traffic  density  measurements  that  were 
taken  during  the  speed  checks  and  axle  counter 
readings  at  tunnels,  were  tabulated  and  facili- 
tated an  analysis  of  the  day  to  night  ratio  of  traf- 


fic flow.  In  addition,  a tabulation  of  traffic  flow 
by  day  of  week  was  prepared  for  comparison 
with  a similar  tabulation  compiled  from  accident 
data.  For  further  information  the  reader  is  re- 
ferred to  Chapter  I. 

C.  Weather 

Two  years  of  weather  bureau  records 
(1951  and  1952)  from  several  weather  stations 
throughout  the  length  of  the  Turnpike  were 
microfilmed  and  abstracted  to  show  the  number 
of  hours  and  the  character  of  precipitation  for  the 
one  plateau  and  mountainous  section  of  the 
Turnpike.  Also  tabulated  were  the  number  of 
hours  when  visibility  was  less  than  14  mile  and 
the  number  of  hours  of  below  freezing  tempera- 
ture. Since  these  sections  of  the  Turnpike  are 
made  up  of  both  plateau  and  mountainous  areas 
and  the  weather  experience  on  both  was  close 
for  the  two  years  studied  (and  in  line  with  gen- 
eral weather  charted),  it  was  considered  that  the 
weather  over  those  portions  of  the  highway 
would  be  a fair  approximation  of  the  average 
weather.  Weather  bureau  data  was  used  to  arrive 
at  an  estimate  of  the  weather  for  the  two-year 
period  in  terms  of  the  number  of  hours  of  clear 
weather,  rain,  snow,  etc.,  for  both  day  and  night. 
After  a comparison  of  the  two  years’  weather  it 
was  found  that  there  were  no  large  differences  in 
the  weather  for  these  two  years.  An  estimate  of 
roadway  condition  was  then  established  by  com- 
bining the  1952  weather  bureau  data  with  the 
roadway  condition  information  for  1952  as 
gathered  by  the  radio  operators  at  Everett.  This 
resulted  in  an  estimate  of  the  number  of  hours 
of  dry,  wet,  snow  and  ice  covered  road  for  both 
day  and  night.  On  the  whole  these  data  should 
also  be  a close  estimate  of  roadway  conditions 
for  the  entire  Turnpike.  This  was  substantiated 
by  taking  into  account  the  data  on  the  road  re- 
ports, and  by  comparing  the  overall  monthly 
summaries  of  the  section  studied  with  the  month- 
ly summaries  for  the  remaining  sections. 

D.  Curve  Classification 

The  field  group  drove  the  entire  length  of 
the  Turnpike  in  both  directions  for  the  purpose 
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of  classifying  each  curve  according  to  the  effort 
required  to  negotiate  it  at  65  to  75  miles  per 
hour.  The  automobile  used  was  a 1953  Plymouth 
Sedan.  In  general,  most  curves  could  be  driven 
with  little  effort  at  these  speeds.  However,  there 
are  several  factors  in  addition  to  the  degree  of 
curvature  which  had  a decided  effect  on  the 
classification.  The  superelevation  on  some 
curves  of  equal  curvature  did  not  appear  to  be 
as  effective  as  on  others.  Roughness  was  a fac- 
tor in  determining  the  ease  with  which  a given 
curve  could  be  negotiated,  since  a rough  spot, 
such  as  a bridge  approach  which  had  settled, 
required  compensation  by  the  driver.  It  was 
found  also  that  some  long  curves  required  more 
effort  than  shorter  curves  of  the  same  curvature. 
This  probably  was  the  result  of  the  longer  effort 
time  required  by  the  driver.  These  data  are  avail- 
able for  future  use  in  analysis  of  accidents  with 
regard  to  particular  locations. 

E.  Roadway  Element,  Place,  and  Daylight 

Distribution  Analysis 

A tabulation  was  prepared  to  show  the  total 
mileage  of  curves  with  various  degrees  of  curva- 
ture as  compared  to  the  total  mileage  of  straight 
roadway.  A similar  tabulation  was  prepared 
showing  the  percentage  of  highway  with  various 
combinations  of  grade  and  curvature.  A third 
tabulation  was  prepared  to  list  the  percentage  of 
highway  at  interchange  areas,  tunnel  approaches, 
service  stations,  etc.  Another  tabulation  showing 
the  hours  of  daylight,  darkness,  and  twilight  was 
also  prepared.  All  of  these  data  have  been  used 
in  the  various  statistical  operations  for  compari- 
son of  accidents  occurring  under  various  condi- 
tions. 

II.  Accident  Investigations 

The  field  group  visited  the  scene  of  about 
two  dozen  accidents  and  prepared  reports  on 
these  for  comparison  with  the  corresponding 
police  accident  reports.  The  purpose  of  this  was 
not  only  to  check  on  the  accuracy  of  the  police 
reports,  but  also  to  develop  some  idea  of  the 
speeds  at  which  accidents  are  set  up  and  to  learn. 


first  hand,  as  much  as  possible  about  the  condi- 
tions under  which  accidents  occur.  On  a number 
of  occasions,  the  field  group  was  able  to  talk 
with  the  driver  involved  prior  to  the  arrival  of 
the  investigating  officer.  A great  deal  of  first- 
hand information  was  received  in  this  manner. 
Accidents  have  been  observed  over  the  entire 
length  of  the  Turnpike  and  have  ranged  in  se- 
verity from  very  minor  scratched  fenders  to  a 
severe  multiple  fatality.  In  only  one  accident  was 
there  any  serious  disagreement  between  the  report 
by  the  police  and  the  information  observed  at 
the  scene  by  the  field  survey  group.  The  other  re- 
ports agree  very  closely  with  the  facts  collected 
at  the  accident  scenes.  In  most  cases  the  speed 
at  which  trouble  was  first  noticed  was  reported 
by  the  officer  to  be  of  the  same  order  as  that 
estimated  by  the  field  group.  A review  of  the 
reports  by  project  psychologists  indicated  that 
the  drivers’  and  officers’  statements  are  reliable 
in  so  far  as  the  psychological  information  is  con- 
cerned. It  was  noticed  that  reports  of  the  more 
serious  accidents  were  more  complete  in  detail. 

III.  General  Observations 

Before  starting  work  on  the  highway  the 
field  group  spent  two  weeks  with  the  Safety  Engi- 
neer for  the  Turnpike,  during  which  time  various 
members  of  the  maintenance  and  police  organi- 
zations were  met.  The  group  was  thus  in  a posi- 
tion to  gain  first-hand  knowledge  of  highway 
operation.  At  the  same  time  the  field  group  at- 
tended first-aid  classes  so  as  to  be  of  maximum 
assistance  at  accidents. 

All  of  the  field  observational  work  was  car- 
ried out  continuously  along  with  the  other  work 
of  the  field  group.  The  extent  of  this  work  is  best 
indicated  by  the  fact  that  some  20,000  miles  were 
covered  by  this  group  in  less  than  10  months. 

The  field  observations  have  been  used  in 
verifying  the  results  of  the  analytical  work.  In 
those  cases  where  information  had  no  direct  con- 
nection with  safety  research,  it  was  reported  to 
the  Turnpike  Commission  for  eventual  benefit  to 
the  Turnpike  patron. 
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APPENDIX  C 

ENVIRONMENTAL  SECTION 


I.  VEHICLE  INVOLVEMENT  FREQUENCY  TABLES 

II.  CONTINGENCY  TABLES  (Relationships  Between  Environmental 

Conditions  and  Related  Factors) 
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VEHICLE  INVOLVEMENT  FREQUENCY 
TABLES 

Light  Conditions 
Weather  Conditions 
Roadway  Conditions 
Roadway  Element 
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TABLE  C-1 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Light  Conditions 


(1941-1952 

Data) 

PERCENT  OF 

TOTAL 

Darkness 

Dusk 

Darkness 

HOW  VEHICLE 

Highway 

& 

Highway 

WAS  INVOLVED 

No. 

Daylight 

Unlighted 

Dawn 

Lighted 

Others 

Total 

Pedestrian  

45 

55.6 

42.2 

— • 

2.2 

■ 

100 

Rear  End 

2620 

55.4 

32.7 

4.8 

6.0 

1.1 

100 

Stopping,  Stopped,  Parked. 

369 

50.9 

36.1 

6.5 

6.2 

.3 

100 

Medial  Strip 

726 

66.7 

25.6 

4.7 

2.2 

.8 

100 

Coll.  W/Obj.  Other  Than 

Vehicle  

966 

57.9 

32.9 

5.3 

3.3 

.6 

100 

Overturning 

943 

66.6 

26.3 

5.8 

.9 

.4 

100 

Fire  Only 

64 

65.6 

25.0 

7.8 

— 

1.6 

100 

Running  Off  Roadway.  . . . 

396 

60.4 

29.8 

8.6 

1.0 

.2 

100 

Sideswiping  

571 

63.7 

27.5 

5.4 

3.0 

.4 

100 

Others  

284 

64.0 

25.4 

6.0 

2.8 

1.8 

100 

Total  

6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-2 

Percent  of  Truck  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Light  Conditions 
(1941-1952  Data) 

PERCENT  OF  TOTAL 


HOW  VEHICLE 

WAS  INVOLVED 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Pedestrian  

17 

41.2 

52.9 

— 

— 

5.9 

100 

Rear  End 

1859 

42.8 

46.4 

4.8 

5.1 

1.0 

100 

Stopping,  Stopped,  Parked . 

372 

34.1 

44.1 

8.6 

12.9 

.3 

100 

Medial  Strip 

221 

58.8 

34.9 

3.6 

1.8 

.9 

100 

Coll.  W/Obj.  Other  Than 
Vehicle 

284 

43.0 

44.0 

5.6 

7.0 

.4 

100 

Overturning 

296 

48.0 

40.5 

6.1 

4.7 

.7 

100 

Fire  Only 

206 

37.8 

54.4 

3.9 

2.9 

1.0 

100 

Running  Off  Roadway 

105 

57.1 

34.3 

4.8 

1.9 

1.9 

100 

Sideswiping  

356 

55.3 

35.7 

6.2 

2.2 

.6 

100 

Others  

188 

55.8 

33.0 

4.8 

4.8 

1.6 

100 

Total  

3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-3 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Day  of  Week  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


DAY  OF  WEEK 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Sunday  

1486 

55.1 

34.4 

5.5 

4.0 

1.0 

100 

Monday 

874 

59.2 

29.9 

7.4 

3.0 

.5 

100 

Tuesday 

685 

63.9 

25.9 

5.9 

3.5 

.8 

100 

Wednesday 

745 

60.4 

29.5 

5.1 

3.5 

1.5 

100 

Thursday 

773 

65.2 

26.5 

4.4 

3.5 

.4 

100 

Friday  

993 

56.8 

34.9 

4.5 

3.5 

.3 

100 

Saturday  

1428 

61.1 

28.1 

5.0 

4.8 

1.0 

100 

Total  

6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-4 

Percent  of  Truck  Involvement  in  Accidents: 
Day  of  Week  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


DAY  OF  WEEK 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Sunday  

508 

47.2 

43.0 

4.5 

4.3 

1.0 

100 

Monday 

476 

40.8 

48.7 

4.2 

5.9 

.4 

100 

Tuesday 

537 

48.8 

41.2 

4.8 

4.8 

.4 

100 

Wednesday 

624 

42.8 

42.8 

6.8 

6.3 

1.3 

100 

Thursday  

611 

46.8 

39.0 

5.7 

8.2 

.3 

100 

Friday  

619 

44.4 

46.4 

5.0 

3.7 

.5 

100 

Saturday  

529 

45.6 

43.7 

5.4 

3.2 

2.1 

100 

Total  

3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-5 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Place  of  Occurrence  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


PLACE 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Normal  

. 5674 

59.9 

32.4 

5.5 

1.6 

.6 

100 

Interchange  Area 

. 631 

58.8 

30.7 

4.6 

5.4 

.5 

100 

Gas  Station  Area 

209 

69.4 

13.4 

2.4 

14.4 

.6 

100 

Tunnel  Approach  and 
Portal 

230 

55.2 

10.0 

8.3 

23.5 

3.0 

100 

In  Tunnel 

149 

48.3 

4.7 

3.4 

35.6 

8.0 

100 

Major  and  Minor  Bridge . . 

91 

49.4 

40.7 

5.5 

4.4 

— 

100 

Total  

. 6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-6 

Percent  of  Truck  Involvement  in  Accidents: 
Place  of  Occurrence  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


PLACE 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Normal  

. 3149 

45.2 

46.4 

5.3 

.1 

3.0 

100 

Interchange  Area 

308 

43.8 

5.8 

4.5 

45.1 

.6 

100 

Gas  Station  Area 

227 

46.7 

26.0 

4.0 

22.5 

.8 

100 

Tunnel  Approach  and 
Portal 

132 

45.5 

24.3 

9.8 

15.9 

4.5 

100 

In  Tunnel 

60 

46.7 

28.4 

6.6 

8.3 

10.0 

100 

Major  and  Minor  Bridge.  . 

28 

39.3 

— 

— 

60.7 

— 

100 

Total  

. 3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-7 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Number  of  Vehicles  Involved  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


NUMBER  OF 

VEHICLES 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

1 Vehicle 

. . . 2494 

61.6 

29.7 

6.2 

1.9 

.6 

100 

2 Vehicles  

. . . 3549 

58.4 

32.0 

5.0 

3.8 

.8 

100 

3 or  More  Vehicles.  . . . 

937 

59.0 

26.5 

4.7 

8.6 

1.2 

100 

Unknown  

4 

— 

■ — 

— 

25.0 

75.0 

100 

Total  

. . . 6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-8 

Percent  of  Truck  Involvement  in  Accidents: 
Number  of  Vehicles  Involved  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


NUMBER  OF 

VEHICLES 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

1 Vehicle 

887 

43.6 

45.9 

4.8 

4.6 

1.1 

100 

2 Vehicles  

. ..  2581 

45.6 

42.9 

5.5 

5.3 

.7 

100 

3 or  More  Vehicles.  . . . 

433 

46.9 

40.6 

5.1 

6.5 

.9 

100 

Unknown  

3 

— 

100.0 

— 

— 

— 

100 

Total  

. . . 3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-9 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
State  of  Registration  By  Light  Conditions 


(1941-1952  Data) 

PERCENT  OF  TOTAL 

Darkness  Dusk  Darkness 

STATE  OF  Highway  & Highway 

REGISTRATION  No.  Daylight  Unlighted  Dawn  Lighted  Others  Total 

In  State  2823  56.3  33.0  5.9  4.0  .8  100 

Out  of  State 4094  62.0  28.5  5.1  3.7  .7  100 

Unknown 67  58.2  37.3  1.5  3.0  — 100 

Total  6984  59.6  30.4  5.4  3.8  .8  100 


TABLE  C-10 

Percent  of  Truck  Involvement  in  Accidents: 
State  of  Registration  By  Light  Conditions 


(1941-1952  Data) 

PERCENT  OF  TOTAL 

Darkness  Dusk  Darkness 

STATE  OF  Highway  & Highway 

REGISTRATION  No.  Daylight  Unlighted  Dawn  Lighted  Others  Total 

In  State 1670  44.5  44.4  5.3  4.8  1.0  100 

Out  of  State 2166  45.6  42.9  5.2  5.5  .8  100 

Unknown 68  50.0  33.8  7.4  7.4  • 1.4  100 

Total  3904  45.2  43.4  5.3  5.2  .9  100 


TABLE  C-11 

Percent  of  Passenger  Car  Involvement  in  Accidents: 


Sex  of  Driver  By  Light  Conditions 
(1941-1952  Data) 

PERCENT  OF  TOTAL 

Darkness  Dusk  Darkness 

Highway  & Highway 

SEX  OF  DRIVER  No.  Daylight  Unlighted  Dawn  Lighted  Others  Total 

Female 1020  69.9  21.5  5.4  2.5  .7  100 

Male  5848  57.9  31.8  5.4  4.1  .8  100 

Unknown 116  55.2  38.8  2.6  2.6  .8  100 

Total  6984  59.6  30.4  5.4  3.8  .8  100 
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TABLE  C-12 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Age  of  Driver  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


AGE  OF  DRIVER 

No. 

Daylight 

Dorkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

16-25 

. . . 2209 

53.1 

36.4 

5.8 

3.8 

.9 

100 

26-35  

...  1981 

58.2 

31.3 

5.9 

4.1 

.5 

100 

36-45  

. ..  1221 

62.3 

28.9 

5.0 

2.9 

.9 

100 

46-55  

827 

67.3 

21.9 

4.7 

4.6 

1.5 

100 

56-Over  

544 

76.3 

15.3 

4.4 

3.7 

.3 

100 

Unknown  

202 

52.0 

40.6 

3.0 

4.0 

.4 

100 

Total  

. . . 6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-13 

Percent  of  Truck  Involvement  in  Accidents: 
Age  of  Driver  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


AGE  OF  DRIVER 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

16-25 

846 

46.3 

41.8 

6.1 

5.4 

0.4 

100 

26-35  

1629 

42.1 

46.6 

4.6 

5.7 

1.0 

100 

36-45  

930 

47.4 

41.5 

5.3 

4.6 

1.2 

100 

46-55  

304 

51.6 

39.2 

5.3 

3.6 

.3 

100 

56-Over 

66 

60.6 

27.4 

9.0 

1.5 

1.5 

100 

Unknown  

129 

37.2 

46.5 

7.0 

8.5 

0.8 

100 

Total  

3904 

45.2 

43.4 

5.3 

5.3 

0.8 

100 
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TABLE  C-14 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


Darkness 

Dusk 

Darkness 

EST.  INITIAL 

Highway 

& 

Highway 

SPEED 

No. 

Daylight 

Unlighted 

Dawn 

Lighted 

Others 

Total 

0 

...  1128 

52.0 

33.4 

5.1 

8.1 

1.4 

100 

1-10 

...  223 

61.0 

27.4 

4.9 

5.4 

1.3 

100 

1 1-20 

279 

62.7 

26.5 

4.3 

5.7 

.8 

100 

21-30 

. . . 619 

57.2 

29.7 

5.7 

6.1 

1.3 

100 

31-40 

...  1328 

57.8 

31.5 

5.4 

4.8 

.5 

100 

41-50 

...  1757 

61.1 

31.1 

5.5 

1.6 

.7 

100 

51-60 

. . . 1134 

64.0 

28.9 

5.3 

1.2 

.6 

100 

61-70 

...  473 

66.0 

26.0 

7.0 

.8 

2 

100 

71 -Over 

43 

74.4 

23.3 

— 

2.3 

— 

100 

Total  

. . . 6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-15 

Percent  of  Truck  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


Darkness 

Dusk 

Darkness 

EST.  INITIAL 

Highway 

& 

Highway 

SPEED 

No. 

Daylight 

Unlighted 

Dawn 

Lighted 

Others 

Total 

0 

978 

41.6 

42.5 

6.4 

8.9 

.6 

100 

1-10 

324 

49.4 

34.9 

4.6 

9.2 

1.9 

100 

11-20 

494 

48.4 

43.9 

3.9 

2.8 

1.0 

100 

21-30 

. . . 553 

47.7 

40.0 

4.5 

6.5 

1.3 

100 

31-40 

...  904 

42.3 

48.0 

5.6 

3.3 

.8 

100 

41-50 

...  581 

47.8 

45.1 

5.2 

1.4 

.5 

100 

51-60 

59 

49.2 

45.7 

5.1 

— 

— 

100 

61 -Over  

11 

50,0 

40.0 

10.0 

— 

— 

100 

Total  

. . . 3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-16 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Roadway  Conditions  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ROADWAY 

CONDITIONS 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Dry  

. . . 3667 

60.3 

29.4 

5.5 

4.5 

.3 

100 

Wet  

...  1292 

61.2 

28.6 

5.1 

3.9 

1.2 

100 

Snow  

447 

63.5 

28.2 

5.4 

2.5 

.4 

100 

Ice  

...  1496 

55.6 

35.8 

5.6 

2.5 

.5 

100 

Slush  

52 

82.7 

11.5 

— 

5.8 

- — ■ 

100 

Total  

. . . 6984 

59.6 

30.4 

5.4 

3.8 

.8 

100 

TABLE  C-17 

Percent  of  Truck  Involvement  in  Accidents: 
Roadway  Conditions  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ROADWAY 

CONDITIONS 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Dry  

...  2371 

44.4 

44.8 

4.8 

5.7 

.3 

100 

Wet  

614 

41.9 

44.6 

6.5 

5.9 

1.1 

100 

Snow  

241 

61.4 

29.9 

6.2 

2.5 

— 

100 

Ice  

...  638 

45.6 

43.1 

6.0 

3.9 

1.4 

100 

Slush  

22 

68.2 

31.8 

— 

— 

— 

100 

Unknown  

18 

5.5 

22.2 

— 

11.1 

61.2 

100 

Total  

. . . 3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-18 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Roadway  Element  By  Light  Conditions 

(1941-1952  Data) 

PERCENT  OF  TOTAL 


ROADWAY 

ELEMENT 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Straight  Level 

....  2612 

61.1 

27.5 

5.5 

5.1 

.8 

100 

Straight  Up 

1064 

57.1 

34.7 

2.8 

5.2 

2 

100 

Straight  Down 

1496 

60.9 

28.5 

4.1 

5.7 

.8 

100 

Curved  Level 

. . . . 310 

59.7 

32.6 

2.6 

5.1 

— 

100 

Curved  Up 

441 

57.4 

36.3 

1.1 

5.0 

2 

100 

Curved  Down 

, 880 

57.9 

33.7 

1.5 

6.6 

.3 

100 

Others  

181 

56.4 

28.2 

3.3 

3.3 

8.8 

100 

Total  

6984 

59.6 

30.4 

3.8 

5.4 

.8 

100 

TABLE  C-19 

Percent  of  Truck  Involvement  in  Accidents: 
Roadway  Element  By  Light  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ROADWAY 

ELEMENT 

No. 

Daylight 

Darkness 

Highway 

Unlighted 

Dusk 

& 

Dawn 

Darkness 

Highway 

Lighted 

Others 

Total 

Straight  Level 

...  1296 

45.5 

40.0 

6.3 

7.3 

.9 

100 

Straight  Up 

...  952 

38.1 

54.0 

5.2 

2.3 

.4 

100 

Straight  Down 

803 

50.1 

37.7 

4.1 

7.6 

.5 

100 

Curved  Level 

106 

50.0 

39.6 

1.9 

5.7 

2.8 

100 

Curved  Up 

286 

50.3 

42.0 

5.6 

1.4 

.7 

100 

Curved  Down 

382 

49.0 

42.4 

4.5 

3.9 

_2 

100 

Others  

79 

31.7 

44.3 

10.1 

3.8 

10.1 

100 

Total  

, . . . 3904 

45.2 

43.4 

5.3 

5.2 

.9 

100 
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TABLE  C-20 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Weather  Conditions 


(1941-1952 

Data) 

PERCENT  OF  TOTAL 

Sleet,  Hail 

HOW  VEHICLE 

Clear 

Misty 

Freezing 

WAS  INVOLVED 

No. 

Cloudy 

Raining 

Snowing 

Foggy 

Rain 

Total* 

Pedestrian  

45 

71.1 

11.1 

11.1 

6.7 

— 

100 

Rear  End 

2620 

66.6 

14.3 

13.8 

4.2 

.6 

100 

Stopping,  Stopped,  Parked . . 

369 

67.2 

16.5 

13.6 

1.9 

.8 

100 

Medial  Strip 

Coll.  W/Obj.  Other  Than 

726 

52.0 

25.4 

18.4 

1.7 

1.4 

100 

Vehicle  

966 

68.8 

19.7 

9.2 

1.6 

.6 

100 

Overturning 

943 

71.5 

17.0 

9.0 

1.8 

.6 

100 

Fire  Only 

64 

93.8 

1.6 

— 

3.1 

— 

100 

Running  Off  Roadway.  . . . 

396 

63.9 

25.8 

8.5 

1.3 

.5 

100 

Sideswiping  

571 

72.3 

13.0 

11.7 

2.1 

.4 

100 

Total  

6984 

67.0 

16.9 

12.2 

2.8 

.7 

100 

Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-2T 

Percent  of  Truck  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Weather  Conditions 
(1941-1952  Data) 


PERCENT  OF  TOTAL 


HOW  VEHICLE 

WAS  INVOLVED 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Pedestrian  

17 

70.6 

17.6 

5.9 

— 

— 

100 

Rear  End 

1859 

72.4 

11.9 

9.5 

5.1 

.6 

100 

Stopping,  Stopped,  Parked . . 

372 

71.5 

13.2 

11.5 

3.5 

— 

100 

Medial  Strip 

221 

47.5 

19.0 

24.8 

7.7 

.5 

100 

Coll.  W/Obj.  Other  Than 
Vehicle  

284 

76.8 

12.7 

7.0 

3.2 

100 

Overturning 

296 

70.3 

16.6 

8.8 

3.0 

1.0 

100 

Fire  Only 

206 

93.2 

2.4 

1.9 

1.5 

— 

100 

Running  Off  Roadway.  . . . 

105 

75.2 

17.1 

6.7 

1.0 

— 

100 

Sideswiping  

356 

70.3 

10.4 

15.4 

2.5 

1.1 

100 

Others  

188 

71.8 

14.4 

9.0 

3.2 

— 

100 

Total  

3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

*Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 
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TABLE  C-22 

Percent  of  Passenger  Car  Involvement  in  Accidents: 

Day  of  Week  By  Weather  Conditions 

(1941-1952  Data) 

PERCENT  OF  TOTAL 

Sleet,  Hail 


DAY  OF  WEEK 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Freezing 

Rain  Total* 

Sunday  

. . . 1486 

64.3 

18.8 

14.1 

1.5 

.6 

100 

Monday 

874 

71.2 

16.7 

8.1 

2.9 

.9 

100 

Tuesday 

685 

66.3 

18.7 

11.6 

2.0 

1.0 

100 

Wednesday  

. . . 745 

65.6 

13.6 

16.2 

3.5 

.3 

100 

Thursday 

773 

70.5 

16.0 

11.4 

1.8 

.3 

100 

Friday  

. . . 993 

65.4 

17.6 

12.3 

3.3 

.9 

100 

Saturday  

. . . 1428 

67.5 

16.1 

11.4 

4.1 

.7 

100 

Total 

. . . 6984 

67.0 

16.9 

12.2 

2.8 

.7 

100 

*Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-23 

Percent  of  Truck  Involvement  in  Accidents: 
Day  of  Week  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


DAY  OF  WEEK 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Sunday 

508 

66.4 

16.5 

12.8 

3.3 

.2 

100 

Monday 

476 

68.9 

16.1 

8.8 

5.0 

.6 

100 

Tuesday 

537 

72.6 

11.9 

11.0 

4.3 

— 

100 

Wednesday  

624 

70.2 

12.0 

10.1 

6.3 

.8 

100 

Thursday 

611 

76.7 

10.9 

9.3 

3.1 

— 

100 

Friday  

619 

72.4 

11.8 

9.7 

3.7 

1.3 

100 

Saturday  

529 

76.0 

9.3 

11.0 

3.0 

.6 

100 

Total 

3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

*Since  unknown  weather  conditions 

were  eliminated  from 

these  tables, 

totals  will 

not  necessarily  equal 

100%. 
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TABLE  C-24 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Place  of  Occurrence  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


PLACE 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Main  Line  Normal 

5674 

66.8 

16.8 

12.6 

2.8 

.7 

100 

Interchange  Area 

631 

69.4 

15.7 

10.1 

3.2 

1.3 

100 

Gas  Station  Area 

209 

75.6 

17.7 

6.2 

.5 

— 

100 

Tunnel  Approach  or  Portal . 

230 

64.8 

18.3 

13.0 

2.6 

— 

100 

Major  and  Minor  Bridge . . . 

91 

52.7 

23.1 

17.6 

5.5 

1.1 

100 

In  Tunnel  

149 

64.4 

19.4 

9.4 

3.4 

— 

100 

Total  

6984 

67.0 

16.9 

12.2 

2.8 

.7 

100 

*Since  unknown  weather  conditions 

were  elirn 

•inated  from 

these  tables, 

totals  will 

not  necessarily  equal 

100%. 

TABLE  C-25 

Percent  of  Truck  Involvement  in  Accidents: 
Place  of  Occurrence  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


PLACE 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Normal  

3149 

71.9 

12.2 

10.7 

4.2 

.6 

100 

Interchange  Area 

308 

75.3 

11.4 

7.8 

5.5 

— 

100 

Gas  Station  Area 

227 

74.4 

14.5 

9.3 

1.8 

— 

100 

Tunnel  Approach  and  Portal 

132 

65.2 

13.6 

13.6 

4.6 

— 

100 

In  Tunnel  

60 

70.0 

23.4 

3.3 

— 

— 

100 

Major  and  Minor  Bridge . . . 

28 

64.4 

21.4 

7.1 

7.1 

— 

100 

Total  

3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

Since  unknown  weather  conditions 

were  elii 

minated  from 

these  tables. 

totals 

will  not  necessarily  equal  100%. 
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TABLE  C-26 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Number  of  Vehicles  By  Weather  Conditions 


(1941-1952  Data) 

PERCENT  OF  TOTAL 

Sleet,  Hall 

Clear  Misty  Freezing 

NUMBER  OF  VEHICLES  No.  Cloudy  Raining  Snowing  Foggy  Rain  Total* 

1 Vehicle 2494  68.7  19.5  9.3  1.7  .6  100 

2 Vehicles 3549  69.0  13.7  13.0  3.4  .5  100 

3 or  More  Vehicles 937  55.0  22.3  17.1  3.8  1.3  100 

Unknown 4 100.0  — — — — 100 

Total  6984  67.0  16.9  12.2  2.8  .7  100 


unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-27 

Percent  of  Truck  Involvement  in  Accidents: 
Number  of  Vehicles  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


NUMBER  OF  VEHICLES 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

1 Vehicle 

887 

77.9 

12.1 

6.7 

2.4 

2 

100 

2 Vehicles 

2581 

72.8 

11.1 

11.4 

3.6 

.7 

100 

3 or  More  Vehicles 

433 

54.8 

21.7 

12.0 

10.6 

_2 

100 

Unknown  

3 

100.0 

— 

— 

— 

— 

100 

Total  

3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

'•'Since  unknown  weather  conditions 

were  eliminated  from 

these  tables. 

totals  will 

not  necessarily  equal 

100%. 
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TABLE  C-28 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
State  of  Registration  By  Weather  Conditions 


(1941-1952  Data) 

PERCENT  OF  TOTAL 

Sleet,  Hail 

Clear  Misty  Freezing 

STATE  OF  REGISTRATION  No.  Cloudy  Raining  Snowing  Foggy  Rain  Total* 

Instate 2823  66.9  17.6  11.5  2.9  .5  100 

Out  of  State 4094  67.1  16.6  12.7  2.5  .8  100 

Unknown  67  67.2  10.4  13.4  9.0  — 100 

Total  6984  67.0  16.9  12.2  2.8  .7  100 


*Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-29 

Percent  of  Truck  Involvement  in  Accidents: 
State  of  Registration  By  Weather  Conditions 


(1941-1952  Data) 

PERCENT  OF  TOTAL 

Sleet,  Hail 

Clear  Misty  Freezing 

STATE  OF  REGISTRATION  No.  Cloudy  Raining  Snowing  Foggy  Rain  Total* 

Instate 1670  72.1  12.8  10.5  3.3  .7  100 

Out  of  State 2166  72.0  12.3  10.1  4.8  .4  100 

Unknown  68  67.7  1 1.8  13.2  2.9  — 100 

Total  3904  72.0  12.5  10.4  4.1  .5  100 


* Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-30 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Sex  of  Driver  By  Weather  Conditions 


(1941-1952  Data) 

PERCENT  OF  TOTAL 

Sleet,  Hail 

Clear  Misty  Freezing 

SEX  OF  DRIVER  No.  Cloudy  Raining  Snowing  Foggy  Rain  Total* 

Female  1020  67.9  17.0  11.4  2.6  .4  100 

Male  5848  66.7  17.1  12.3  2.8  .7  100 

Unknown 116  72.5  10.4  12.9  1.7  1.7  100 

Total  6984  67.0  16.9  12.2  2.8  .7  100 


* Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 
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TABLE  C-31 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Age  of  Driver  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


AGE  OF  DRIVER 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

16-25 

. . . 2209 

67.8 

16.8 

12.1 

2.6 

0.5 

100 

26-35  

. ..  1981 

65.5 

17.5 

12.8 

3.1 

0.7 

100 

36-45  

. ..  1221 

66.8 

16.6 

11.9 

3.1 

0.9 

100 

46-55  

827 

68.7 

17.3 

11.4 

2.0 

0.5 

100 

56-Over  

544 

68.8 

16.7 

10.7 

2.9 

0.2 

100 

Unknown  

202 

62.9 

13.8 

17.8 

2.0 

1.5 

100 

Total  

. . . 6984 

67.0 

16.9 

12.2 

2.8 

0.7 

100 

* Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-32 

Percent  of  Truck  Involvement  in  Accidents: 
Age  of  Driver  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


AGE  OF  DRIVER 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

16-25 

846 

75.8 

12.0 

6.8 

4.5 

.5 

100 

26-35  

. ..  1629 

70.9 

13.1 

10.3 

4.6 

.5 

100 

36-45  

930 

71.3 

13.0 

11.1 

3.4 

.5 

100 

46-55  

304 

69.7 

12.2 

15.5 

2.3 

.3 

100 

56-Over 

66 

74.2 

12.2 

6.1 

4.5 

1.5 

100 

Unknown  

129 

69.3 

4.7 

19.7 

4.7 

.8 

100 

Total  

. . . 3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

* Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 
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TABLE  C-33 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ESTIMATED  INITIAL  SPEED 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

0 

1128 

68.2 

15.0 

12.6 

3.0 

.4 

100 

1-10 

223 

65.0 

15.7 

12.6 

6.3 

— 

100 

11-20 

279 

51.6 

19.0 

23.7 

4.6 

.7 

100 

21-30 

619 

52.2 

15.7 

26.6 

4.2 

1.0 

100 

31-40 

1328 

60.9 

15.7 

18.9 

3.3 

1.1 

100 

41-50 

1757 

68.3 

19.3 

9.5 

1.9 

.7 

100 

51-60 

1 134 

75.8 

18.5 

2.8 

1.7 

.5 

100 

61-70 

473 

82.2 

14.9 

.6 

1.9 

.2 

100 

71 -Over 

43 

90.7 

7.0 

— 

2.3 

— 

100 

Total  

6984 

67.0 

16.9 

12.2 

2.8 

.7 

100 

'‘‘Since  unknown  weather  conditions 

were  eli, 

rninated  from 

these  tables. 

totals  will 

not  necessarily  equal 

100%. 

TABLE  C-34 

Percent  of  Truck  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ESTIMATED  INITIAL  SPEED 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

0 

978 

70.7 

13.4 

1 1.0 

4.1 

.5 

100 

1-10 

324 

64.2 

12.0 

17.7 

4.6 

.6 

100 

1 1-20  

494 

67.2 

10.5 

16.8 

4.5 

— 

100 

21-30 

553 

68.9 

13.2 

11.2 

5.3 

.5 

100 

31-40 

904 

73.1 

13.4 

8.5 

3.9 

.8 

100 

41-50 

581 

82.1 

1 1.0 

2.9 

3.1 

.5 

100 

51-60 

59 

84.7 

11.9 

— 

3.4 

— 

100 

61 -Over 

1 1 

90.0 

10.0 

— 

— 

— 

100 

Total  

3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

*Since  unknown  weather  conditions 

were  eli, 

rninated  from 

these  tables, 

totals  will 

not  necessarily  equal 

100%. 
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TABLE  C-35 

Percent  of  Passenger  Car  involvement  in  Accidents: 
Light  Conditions  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


LIGHT  CONDITIONS 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Daylight 

4164 

70.4 

16.9 

10.6 

1.5 

.6 

100 

Dusk  & Dawn 

376 

63.8 

15.7 

12.0 

7.2 

1.3 

100 

Darkness  Highway  Lighted . 

267 

68.5 

14.6 

10.1 

4.5 

— 

100 

Darkness  Highway  Un- 

2122 

61.3 

17.6 

16.0 

4.2 

.8 

100 

lighted  

Others  

55 

41.8 

16.4 

3.6 

100 

Total  

6984 

67.0 

16.9 

12.2 

2.8 

.7 

100 

^Since  unknown  weather  conditions 

were  eliminated  from 

these  tables, 

totals  will 

not  necessarily  equal 

100%. 

TABLE  C-36 

Percent  of  Truck  Involvement  in  Accidents: 
Light  Conditions  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


LIGHT  CONDITIONS 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Daylight 

1764 

74.4 

12.0 

11.0 

2.1 

.4 

100 

Dusk  & Dawn 

207 

63.8 

12.6 

11.0 

9.7 

2.9 

100 

Darkness  Highway  Lighted . 

205 

73.7 

14.1 

5.4 

4.4 

— ■ 

100 

Darkness  Highway  Un- 
lighted  

1694 

71.0 

12.7 

10.2 

5.5 

.4 

100 

Total  

3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

* Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 
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TABLE  C-37 

Percent  of  Passenger  Car  Involvement  in  Accidents: 

Roadway  Element  By  Weather  Conditions 

(1941-1952  Data) 

PERCENT  OF  TOTAL 

Sleet,  Hail 


ROADWAY  ELEMENT 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Freezing 

Rain 

Total* 

Straight  Level 

2612 

68.8 

16.6 

10.4 

3.2 

.7 

100 

Straight  Up 

1064 

72.9 

12.7 

11.2 

2.6 

.5 

100 

Straight  Down 

1496 

66.3 

14.7 

14.6 

3.1 

.8 

100 

Curved  Level 

310 

60.0 

29.3 

6.8 

3.9 

— 

100 

Curved  Up 

441 

63.2 

18.6 

16.1 

1.4 

.7 

100 

Curved  Down 

880 

60.8 

22.2 

14.3 

1.7 

.8 

100 

Total  

6984 

67.0 

16.9 

12.2 

2.8 

.7 

100 

"Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 


TABLE  C-38 

Percent  of  Truck  Involvement  in  Accidents: 
Roadway  Element  By  Weather  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ROADWAY  ELEMENT 

No. 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet,  Hail 
Freezing 
Rain 

Total* 

Straight  Level 

..  1296 

74.1 

10.7 

9.6 

4.6 

.6 

100 

Straight  Up 

952 

81.0 

8.6 

6.7 

3.4 

.3 

100 

Straight  Down 

. . 803 

67.8 

14.3 

11.8 

5.2 

.5 

100 

Curved  Level 

106 

75.5 

10.4 

6.6 

5.6 

— 

100 

Curved  Up 

286 

68.5 

12.6 

15.7 

3.2 

— 

100 

Curved  Down 

382 

55.8 

25.4 

14.9 

2.1 

1.3 

100 

Total  

. . 3904 

72.0 

12.5 

10.4 

4.1 

.5 

100 

* Since  unknown  weather  conditions  were  eliminated  from  these  tables,  totals  will  not  necessarily  equal  100%. 
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TABLE  C-39 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

HOW  VEHICLE 

WAS  INVOLVED 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Totol 

Pedestrian  

45 

66.7 

20.0 

8.9 

4.4 

— 

— 

100 

Rear  End 

2620 

54.0 

16.5 

6.3 

22.0 

.8 

.4 

100 

Stopping,  Stopped, 
Parked  

369 

43.4 

15.4 

12.5 

28.5 

_2 

100 

Medial  Strip 

726 

30.9 

26.6 

9.6 

30.9 

1.2 

.8 

100 

Coll.  W Obj.  Other 
than  Vehicle.  . . . 

966 

53.1 

22.9 

4.9 

18.3 

.6 

_2 

100 

Overturning 

943 

58.9 

17.4 

4.1 

18.7 

.6 

.3 

100 

Fire  Only 

64 

90.6 

6.3 

■ — - 

3.1 

• — ■ 

• — ■ 

100 

Running  Off  Road- 
way   

396 

49.0 

25.0 

5.3 

19.7 

1.0 

100 

Sideswiping  

571 

57.6 

14.5 

7.0 

20.0 

.7 

_2 

100 

Others  

284 

66.3 

10.9 

5.3 

14.7 

.3 

2.5 

100 

Total  

6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-40 

Percent  of  Truck  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

HOW  VEHICLE 

WAS  INVOLVED 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

Pedestrian  

17 

64.7 

17.6 

— 

11.8 

— 

5.9 

100 

Rear  End 

1859 

62.0 

15.3 

5.5 

16.3 

.6 

.3 

100 

Stopping,  Stopped, 
Parked  

372 

57.1 

13.1 

1 1.2 

17.9 

.7 

100 

Medial  Strip 

221 

26.7 

26.2 

1 1.8 

33.9 

.9 

.5 

100 

Coll.  W/Obj.  Other 
than  Vehicle.  . . . 

284 

64.8 

17.5 

3.5 

13.4 

.4 

.4 

100 

Overturning 

296 

63.9 

17.6 

2.7 

15.2 

.3 

.3 

100 

Fire  Only 

206 

88.8 

6.8 

1.0 

2.9 

— 

.5 

100 

Running  Off  Road- 
way   

105 

62.9 

18.1 

1.9 

14.2 

1.9 

1.0 

100 

Sideswiping  

356 

56.5 

16.0 

10.0 

16.3 

.6 

.6 

100 

Others  

188 

60.0 

15.1 

6.5 

15.7 

— 

2.7 

100 

Total  

3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-41 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Day  of  Week  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

DAY  OF  WEEK 

No. 

Dry 

Wet 

Snow 

Ity 

Slush 

Unknown 

Total 

Sunday  

. 1486 

48.4 

18.2 

4.6 

27.5 

.7 

.6 

100 

Monday 

874 

49.0 

19.2 

4.8 

16.7 

.1 

.2 

100 

Tuesday 

685 

50.9 

20.7 

7.3 

20.1 

.8 

.2 

100 

Wednesday  

745 

52.1 

18.0 

8.5 

19.7 

.9 

.8 

100 

Thursday 

773 

53.6 

16.5 

7.1 

21.2 

.8 

.8 

100 

Friday  

993 

52.0 

18.9 

6.2 

21.8 

.8 

.3 

100 

Saturday  

. 1428 

53.5 

18.3 

7.6 

19.3 

.9 

.4 

100 

Total  

. 6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-42 

Percent  of  Truck  Involvement  in  Accidents: 
Day  of  Week  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

DAY  OF  WEEK 

No. 

Dry 

Wet 

Snow 

Ity 

Slush 

Unknown 

Total 

Sunday  

508 

53.7 

14.4 

6.3 

24.8 

.2 

.6 

100 

Monday 

476 

59.9 

20.8 

4.8 

13.7 

— 

.8 

100 

Tuesday 

537 

60.2 

18.2 

7.4 

13.6 

.4 

.2 

100 

Wednesday  

624 

59.9 

16.6 

7.2 

14.9 

.7 

.7 

100 

Thursday 

61 1 

63.4 

13.9 

5.2 

16.5 

1.0 

— 

100 

Friday  

619 

63.1 

14.5 

4.4 

16.5 

1.0 

.5 

100 

Saturday  

529 

63.9 

12.3 

7.9 

14.7 

.6 

.6 

100 

Total  

. 3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-43 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Place  of  Occurrence  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

PLACE 

No. 

Dry 

Wet 

Snow 

Slush 

Unknown 

Total 

Normal  

5674 

52.3 

18.2 

6.4 

21.9 

.8 

.4 

100 

Interchange  Area  . . 

631 

55.9 

16.2 

5.5 

21.9 

.2 

.3 

100 

Gas  Station  Area  . . 

209 

51.7 

19.1 

13.4 

15.3 

— 

.5 

100 

Tunnel  Portal  & 

Approach 

230 

47.8 

23.5 

6.5 

19.6 

2.2 

.4 

100 

In  Tunnel 

149 

65.1 

28.9 

1.3 

4.7 

— • 

— 

100 

Major  & Minor 

Bridge  

91 

34.1 

23.1 

5.5 

37.3 

— ■ 

— ■ 

100 

Total  

6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-44 

Percent  of  Truck  Involvement  in  Accidents: 
Place  of  Occurrence  By  Roadway  Conditions 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


PLACE 

No. 

Dry 

Wet 

Snow 

It 

Slush 

Unknown 

Total 

Normal  

3149 

61.2 

15.4 

6.2 

16.1 

.7 

.4 

100 

Interchange  Area  . . 

308 

64.0 

12.7 

4.5 

18.5 

— 

.3 

100 

Gas  Station  Area  . . 

227 

56.8 

20.3 

10.1 

11.9 

— - 

.9 

100 

Tunnel  Portal  & 

Approach 

132 

47.0 

1 6.6 

5.3 

28.8 

.8 

1.5 

100 

In  Tunnel 

60 

65.0 

31.7 

— 

3.3 

— 

— 

100 

Major  & Minor 

Bridge  

28 

57.1 

14.3 

3.6 

25.0 

— 

— 

100 

Total  

3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-45 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Number  of  Vehicles  Involved  By  Roadway  Conditions 

(1941-1952  Data) 


NUMBER  OF 

VEHICLES  INVOLVED 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

1 Vehicle 

2494 

55.3 

21.3 

4.2 

18.1 

.8 

.3 

100 

2 Vehicles 

3549 

54.7 

16.0 

7.2 

20.9 

.6 

.6 

100 

3 or  More  Vehicles. 

937 

37.5 

20.0 

9.3 

32.3 

.9 

— 

100 

Unknown  

4 

— 

75.0 

25.0 

— 

— 

— 

100 

Total  

6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-46 

Percent  of  Truck  Involvement  in  Accidents: 
Number  of  Vehicles  Involved  By  Roadway  Conditions 

(1941-1952  Data) 

PERCENT  OF  TOTAL 


NUMBER  OF 


VEHICLES  INVOLVED 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

1 Vehicle 

887 

69.6 

15.2 

2.0 

11.6 

.6 

1.0 

100 

2 Vehicles 

2581 

60.5 

15.4 

7.1 

16.2 

.5 

.3 

100 

3 or  More  Vehicles. 

433 

43.7 

18.7 

9.0 

27.7 

.9 

— 

100 

Unknown  

3 

100.0 

— 

— 

— 

— 

— 

100 

Total 

3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-47 

Percent  of  Passenger  Car  Involvement  in  Accidents: 


State  of  Registration  By  Roadway  Conditions 
(1941-1952  Data) 

PERCENT  OF  TOTAL 

STATE  OF 

REGISTRATION  No.  Dry  Wet  Snow  Icy  Slush  Unknown  TM^ 

Instate 2823  54.6  18.9  6.0  19.2  .7  .6  100 

Out  of  State 4094  51.1  18.2  6.7  22.9  .8  .3  100 

Unknown 67  47.7  18.0  6.0  28.3  — — 100 

Total  6984  52.5  18.5  6.4  21.4  .8  .4  100 


TABLE  C-48 

Percent  of  Truck  Involvement  in  Accidents: 
State  of  Registration  By  Roadway  Conditions 

(1941-1952  Data) 

PERCENT  OF  TOTAL 

STATE  OF 


REGISTRATION  No.  Dry  Wet  Snow  Slush  Unknown  Totol 

Instate 1670  60.4  15.4  7.1  15.9  .7  .5  100 

Out  of  State 2166  61.2  16.1  5.4  16.4  .5  .4  100 

Unknown 68  52.9  10.3  8.8  26.5  — 1.5  100 

Total  3904  60.7  15.7  6.2  16.3  .6  .5  100 


TABLE  C-49 

Percent  of  Passenger  Car  Involvements  in  Accidents: 


Sex  of  Driver  By  Roadway  Conditions 
(1941-1952  Data) 

PERCENT  OF  TOTAL 

SEX  OF  DRIVER  No.  Dry  Wet  Snow  Icy  Slush  Unknown  Total 

Female  1020  54.7  18.9  6.2  18.9  .8  .5  100 

Male  5848  52.1  18.5  6.4  21.9  .7  .4  100 

Unknown 1 16  54.3  14.7  8.6  21.6  — .8  100 

Total  6984  52.5  18.5  6.4  21.4  .8  .4  100 
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TABLE  C-50 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Age  of  Driver  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

AGE  OF  DRIVER 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

16-25 

. 2209 

53.0 

19.1 

5.4 

21.6 

.8 

.1 

100 

26-35  

. 1981 

50.0 

17.7 

7.6 

23.3 

.9 

.5 

100 

36-45  

. 1221 

53.2 

17.9 

7.0 

20.7 

.5 

.7 

100 

46-55  

827 

56.1 

19.0 

5.4 

18.1 

1.1 

.3 

100 

56-Over 

544 

55.1 

21.0 

5.5 

17.4 

.6 

.4 

100 

Unknown  

202 

45.5 

13.9 

7.9 

30.2 

— 

2.5 

100 

Total  

. 6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-51 

Percent  of  Truck  Involvement  in  Accidents: 
Age  of  Driver  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

AGE  OF  DRIVER 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

16-25 

846 

64.7 

15.3 

3.0 

16.2 

.6 

.2 

100 

26-35  

. 1629 

60.5 

16.6 

6.1 

15.8 

.5 

.5 

100 

36-45  

930 

60.0 

16.2 

7.3 

15.4 

.4 

.7 

100 

46-55  

304 

57.6 

14.8 

8.6 

17.7 

1.3 

— 

100 

56-Over 

66 

59.1 

12.1 

6.1 

22.7 

— 

— 

100 

Unknown  

129 

51.2 

7.7 

14.7 

24.8 

.8 

.8 

100 

Total  

. 3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-52 

Percenl  of  Passenger  Car  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

ESTIMATED 

INITIAL  SPEED 

No. 

Dry 

Wef 

Snow 

Icy 

Slush 

Unknown 

Total 

0 

. 1128 

53.1 

17.3 

7.7 

21.0 

.4 

.5 

100 

1-10 

on, 

58.3 

14.8 

8.1 

17.9 

.4 

.5 

100 

1 1-20 

279 

33.0 

17.2 

9.3 

40.5 

— 

— 

100 

21-30 

619 

32.1 

14.7 

1 1.8 

39.7 

1.5 

_2 

100 

31-40 

. 1328 

38.6 

15.4 

10.0 

34.4 

1.2 

.4 

100 

41-50 

. 1757 

53.8 

22.2 

4.8 

17.9 

.9 

.4 

100 

51-60 

. 1134 

69.1 

21.1 

2.2 

6.4 

.6 

.6 

100 

61-70  

473 

78.0 

18.4 

— 

3.2 

— 

.4 

100 

71 -Over 

43 

83.7 

11.6 

— - 

4.7 

— 

— 

100 

Total  

. 6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-53 

Percent  of  Truck  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

ESTIMATED 

INITIAL  SPEED 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

0 

978 

58.1 

15.3 

7.2 

18.3 

.7 

.4 

100 

1-10 

324 

47.2 

14.8 

11.1 

26.2 

— 

.7 

100 

11-20 

494 

53.6 

11.9 

11.5 

21.9 

.8 

_2 

100 

21-30 

553 

57.3 

14.5 

6.5 

20.6 

.6 

.5 

100 

31-40 

904 

63.7 

19.2 

3.7 

12.4 

.6 

.4 

100 

41-50 

581 

74.9 

16.4 

1.5 

6.2 

.5 

.5 

100 

51-60 

59 

83.1 

10.1 

— 

5.1 

— 

1.7 

100 

61 -Over 

1 1 

70.0 

20.0 

— - 

10.0 

— 

— ■ 

100 

Total  

. 3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-54 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Roadway  Element  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

ROADWAY  ELEMENT 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

Straight  Level 

2612 

56.6 

19.2 

6.0 

17.2 

.8 

.2 

100 

Straight  Up 

1064 

58.7 

14.5 

7.1 

19.0 

.5 

.2 

100 

Straight  Down 

1496 

50.0 

17.1 

7.2 

25.0 

.4 

.3 

100 

Curved  Level 

310 

49.7 

28.1 

2.9 

18.7 

.6 

— 

100 

Curved  Up 

441 

48.1 

16.1 

6.3 

29.0 

.5 

— 

100 

Curved  Down 

880 

42.8 

21.5 

6. 1 

27.9 

1.7 

— - 

100 

Others  

181 

42.0 

18.8 

7.7 

22.1 

.6 

8.8 

100 

Total  

6984 

52.5 

18.5 

6.4 

21.4 

.8 

.4 

100 

TABLE  C-55 

Percent  of  Truck  Involvement  in  Accidents: 
Roadway  Element  By  Roadway  Conditions 


(1941 

-1952 

Data) 

PERCENT  OF 

TOTAL 

ROADWAY  ELEMENT 

No. 

Dry 

Wet 

Snow 

Icy 

Slush 

Unknown 

Total 

Straight  Level 

1296 

62.0 

16.6 

6.6 

13.9 

.6 

.3 

100 

Straight  Up 

952 

71.8 

14.5 

3.3 

9.8 

.4 

.2 

100 

Straight  Down 

803 

57.3 

14.6 

8.2 

18.9 

.7 

.3 

100 

Curved  Level 

106 

66.0 

15.1 

4.7 

12.3 

— 

1.9 

100 

Curved  Up 

286 

55.9 

16.4 

6.7 

21.0 

— 

— 

100 

Curved  Down 

382 

40.3 

19.9 

7.3 

31.2 

1.0 

.3 

100 

Others  

79 

49.4 

6.3 

7.6 

26.6 

— 

10.1 

100 

Total  

3904 

60.7 

15.7 

6.2 

16.3 

.6 

.5 

100 
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TABLE  C-56 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


HOW  VEHICLE  WAS  INVOLVED 

No. 

straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

Pedestrian  

45 

37.8 

6.7 

31.1 

2.2 

4.4 

13.4 

4.4 

100 

Rear  End 

2620 

41.3 

18.4 

20.1 

3.5 

6.0 

7.7 

3.0 

100 

Stopping,  Stopped, 
Parked 

369 

44.4 

14.6 

22.5 

2.4 

4.9 

9.8 

1.4 

100 

Medial  Strip 

726 

32.8 

15.7 

17.9 

5.2 

9.5 

16.0 

2.9 

100 

Coll.  W/Obj.  Other 
Than  Vehicle 

966 

34.2 

12.4 

22.6 

5.9 

5.9 

16.0 

3.0 

100 

Overturning 

943 

31.1 

9.5 

24.9 

6.7 

6.5 

19.5 

1.8 

100 

Fire  Only 

64 

50.0 

14.1 

20.3 

— 

3.1 

10.9 

1.6 

100 

Running  Off  Roadway 

396 

32.8 

12.1 

22.5 

4.3 

8.1 

18.4 

1.8 

100 

Sideswiping  

571 

37.8 

18.4 

22.8 

4.0 

4.7 

10.7 

1.6 

100 

Others  

284 

39.1 

14.1 

20.1 

3.5 

5.6 

13.4 

4.2 

100 

Total  

6984 

37.4 

15.2 

21.4 

4.5 

6.3 

12.6 

2.6 

100 

TABLE  C-57 

Percent  of  Truck  Involvement  in  Accidents: 
How  Vehicle  Was  Involved  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


HOW  VEHICLE  WAS  INVOLVED 

No. 

Straight 

Level 

straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

Pedestrian  

17 

47.1 

11.8 

23.4 

— 

5.9 

5.9 

5.9 

100 

Rear  End 

1859 

32.4 

21.4 

17.9 

2.1 

7.7 

6.1 

2.4 

100 

Stopping,  Stopped, 
Parked  

372 

39.5 

22.8 

23.0 

3.0 

3.0 

6.5 

2.2 

100 

Medial  Strip 

221 

23.5 

19.9 

19.9 

2.8 

15.8 

15.8 

2.3 

100 

Coll.  W/Obj.  Other 
Than  Vehicle 

284 

35.2 

13.7 

25.7 

4.6 

6.7 

13.4 

.7 

100 

Overturning 

296 

26.4 

8.4 

26.7 

5.1 

7.4 

24.7 

1.3 

100 

Fire  Only 

206 

52.9 

20.4 

15.0 

1.9 

5.9 

2.9 

1.0 

100 

Running  Off  Roadway 

105 

27.6 

10.5 

29.5 

3.8 

6.7 

19.0 

2.9 

100 

Sideswiping  

356 

30.9 

25.3 

22.2 

1.7 

6.2 

12.9 

.8 

100 

Others  

188 

32.4 

16.5 

22.9 

4.3 

6.9 

13.8 

3.2 

100 

Total  

3904 

33.2 

24.4 

20.6 

2.7 

7.3 

9.8 

2.0 

100 
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TABLE  C-S8 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Day  of  Week  By  Roadway  Element 

(194M952  Data) 


PERCENT  OF  TOTAL 


DAY  OF  WEEK 

No. 

Straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

Sunday  

. . 1486 

36.9 

13.5 

20.5 

4.5 

6.1 

14.7 

3.8 

100 

Monday 

874 

38.3 

18.6 

19.7 

4.6 

6.1 

10.5 

2.2 

100 

Tuesday 

. . 685 

37.3 

16.6 

22.2 

4.4 

6.1 

11.8 

1.6 

100 

Wednesday  

. . 745 

35.4 

17.2 

21.2 

4.6 

6.3 

11.8 

3.5 

100 

Thursday 

773 

38.8 

16.9 

21.0 

3.0 

6.1 

11.6 

2.6 

100 

Friday  

. . 993 

36.1 

12.1 

24.6 

4.2 

8.3 

12.7 

2.0 

100 

Saturday  

. . 1428 

38.6 

14.6 

21.1 

5.2 

5.5 

13.0 

2.0 

100 

Total  

. . 6984 

37.4 

15.2 

21.4 

4.5 

6.3 

12.6 

2.6 

100 

TABLE  C-59 

Percent  of  Truck  Involvement  in  Accidents: 
Day  of  Week  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


DAY  OF  WEEK 

No. 

Straight 

Level 

straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

Sunday  

508 

28.0 

24.4 

21.5 

3.3 

9.3 

10.4 

3.1 

100 

Monday 

476 

34.0 

27.7 

18.5 

2.1 

7.4 

8.2 

2.1 

100 

Tuesday 

537 

35.4 

22.2 

24.6 

2.8 

5.0 

8.7 

1.3 

100 

Wednesday  

624 

33.3 

25.8 

17.9 

2.7 

7.2 

10.1 

3.0 

100 

Thursday 

. . 611 

32.0 

24.5 

20.4 

1.5 

8.5 

11.8 

1.3 

100 

Friday  

619 

33.1 

23.2 

21.2 

3.7 

7.3 

10.5 

1.0 

100 

Saturday  

529 

36.4 

23.1 

20.2 

2.6 

6.6 

8.5 

2.6 

100 

Total  

. . 3904 

33.2 

24.4 

20.6 

2.7 

7.3 

9.8 

2.0 

100 
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TABLE  C-60 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Number  of  Vehicles  Involved  By  Roadway  Element 
(1941-1952  Data) 


PERCENT  OF  TOTAL 


NUMBER  OF 

VEHICLES  INVOLVED 

No. 

Straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Levei 

Curved 

Up 

Curved 

Down 

Others 

Totai 

1 Vehicle 

, 2494 

33.2 

10.9 

23.3 

6.1 

6.3 

17.8 

2.4 

100 

2 Vehicles 

. 3549 

39.4 

19.4 

18.7 

4.0 

6.6 

9.1 

2.8 

100 

3 or  More  Vehicles  . . 

937 

40.8 

11.4 

26.8 

1.8 

5.2 

12.0 

2.0 

100 

Unknown  

4 

50.0 

— 

— 

— 

— 

— 

50.0 

100 

Total  

, 6984 

37.4 

15.2 

21.4 

4.5 

6.3 

12.6 

2.6 

100 

TABLE  C-61 

Percent  of  Truck  Involvement  in  Accidents: 
Number  of  Vehicles  Involved  By  Roadway  Element 


(1941-1952 

Data) 

PERCENT 

OF  TOTAL 

NUMBER  OF 

Straight 

straight 

Straight 

Curved 

Curved 

Curved 

VEHICLES  INVOLVED 

No. 

Level 

Up 

Down 

Level 

Up 

Down 

Others 

Total 

1 Vehicle 

887 

35.1 

12.7 

24.8 

3.8 

7.3 

14.9 

1.4 

100 

2 Vehicles 

. 2581 

33.2 

29.6 

17.9 

2.5 

7.2 

7.4 

2.2 

100 

3 or  More  Vehicles  . , 

433 

30.0 

16.6 

27.8 

1.6 

8.1 

13.6 

2.3 

100 

Unknown  

3 

33.3 

66.7 

— 

— 

— 

— 

— 

100 

Total  

. 3904 

33.2 

24.4 

20.6 

2.7 

7.3 

9.8 

2.0 

100 

TABLE  C-62 

Percent  of  Passenger  Car  Involvement  in  Accidents: 


State  of  Registration  By  Roadway  Element 
(194M952  Data) 

PERCENT  OF  TOTAL 

Straight  Straight  Straight  Curved  Curved  Curved 

STATE  OF  RESISTRATION  No.  Level  Up  Down  Level  Un  Down  Others  Total 

In  State 2823  3^  IsTs  20A  672  11.6  2.9  100 

OutofState 4094  36.4  14.9  22.0  4.6  6.4  13.3  2.4  100 

Unknown 67  35.8  13.4  28.4  6.0  3.0  13.4  — 100 

Total  6984  37.4  15.2  21.4  4.5  6.3  12.6  2.6  100 
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TABLE  C-63 

Percent  of  Truck  Involvement  in  Accidents: 
State  of  Registration  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


STATE  OF  REGISTRATION 

No. 

Straight 

Level 

straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

In  State 

1670 

33.5 

24.4 

19.2 

3.0 

7.4 

10.2 

2.3 

100 

Out  of  State 

2166 

32.8 

24.8 

21.7 

2.5 

7.2 

9.4 

1.6 

100 

Unknown  

68 

39.7 

11.8 

17.6 

1.5 

8.8 

10.3 

10.3 

100 

Total  

3904 

33.2 

24.4 

20.6 

2.7 

7.3 

9.8 

2.0 

100 

TABLE  C-64 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Sex  of  Driver  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


SEX  OF  DRIVER 

No. 

Straight 

Level 

Straight 

Up 

straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

Female 

. . 1020 

38.0 

12.8 

22.6 

4.4 

5.5 

13.9 

2.8 

100 

Male  

. . 5848 

37.3 

15.6 

21.2 

4.4 

6.5 

12.5 

2.5 

100 

Unknown  

116 

34.5 

17.2 

23.3 

6.0 

5.2 

6.9 

6.9 

100 

Total  

. . 6984 

37.4 

15.2 

21.4 

4.5 

6.3 

12.6 

2.6 

100 
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TABLE  C-65 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Age  of  Driver  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


AGE  OF  DRIVER 

No. 

Straight 

Level 

Straight 

“P 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

16-25 

. . 2209 

37.6 

16.2 

19.4 

5.0 

6.6 

13.1 

2.1 

100 

26-35  

. . 1981 

37.6 

15.1 

22.1 

4.3 

6.1 

12.0 

2.8 

100 

36-45  

. . 1221 

38.9 

15.2 

20.8 

4.1 

6.0 

12.2 

2.8 

100 

46-55  

827 

35.9 

13.9 

23.2 

4.1 

6.9 

13.4 

2.6 

100 

56-Over 

544 

34.4 

14.7 

25.7 

3.7 

5.5 

13.6 

2.4 

100 

Unknown 

202 

38.1 

12.9 

21.8 

5.0 

7.4 

9.4 

5.4 

100 

Total  

. . 6984 

37.4 

15.2 

21.4 

4.5 

6.3 

12.6 

2.6 

100 

TABLE  C-66 

Percent  of  Truck  Involvement  in  Accidents: 
Age  of  Driver  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


AGE  OF  DRIVER 

No. 

Straight 

Level 

straight 

Up 

straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

16-25 

846 

35.3 

23.5 

20.4 

2.8 

8.1 

8.5 

1.4 

100 

26-35  

. . 1629 

32.8 

26.8 

20.0 

2.7 

6.9 

9.1 

1.7 

100 

36-45  

930 

32.3 

24.4 

21.1 

3.2 

7.2 

9.9 

1.9 

100 

46-55  

304 

34.3 

18.4 

20.7 

1.6 

7.9 

14.5 

2.6 

100 

56-Over 

66 

25.8 

13.6 

28.8 

1.5 

6.1 

19.7 

4.5 

100 

Unknown 

129 

32.5 

18.6 

20.9 

1.6 

8.5 

10.1 

7.8 

100 

Total 

. . 3904 

33.2 

24.4 

20.6 

2.7 

7.3 

9.8 

2.0 

100 
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TABLE  C-67 

Percent  of  Passenger  Car  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Roadway  Element 

(1941-1952  Data) 


PERCENT  OF  TOTAL 


ESTIMATED  INITIAL  SPEED 

No. 

Straight 

Level 

Straight 

L’p 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

0 

1128 

43.8 

14.9 

21.8 

3.1 

5.1 

9.1 

2.2 

100 

1-10 

223 

45.8 

9.4 

21.5 

3.1 

6.3 

9.0 

4.9 

100 

11-20 

279 

39.4 

14.3 

25.1 

3.2 

5.4 

9.7 

2.9 

100 

21-30 

619 

38.4 

14.1 

24.1 

2.7 

5.7 

12.9 

2.1 

100 

31-40 

1328 

38.4 

15.0 

21.2 

2.9 

7.1 

12.3 

3.1 

100 

41-50 

1757 

34.6 

15.5 

22.0 

5.4 

6.5 

13.6 

2.4 

100 

51-60 

1134 

34.9 

17.1 

17.9 

6.6 

5.8 

14.6 

3.1 

100 

61-70 

473 

29.3 

15.9 

22.2 

6.8 

9.1 

15.4 

1.3 

100 

71 -Over 

43 

37.1 

18.6 

16.3 

4.7 

4.7 

18.6 

— 

100 

Total  

6984 

37.4 

15.2 

21.4 

4.5 

6.3 

12.6 

2.6 

100 

TABLE  C-68 

Percent  of  Truck  Involvement  in  Accidents: 
Estimated  Initial  Speed  By  Roadway  Element 

(194M952  Data) 


PERCENT  OF  TOTAL 


ESTIMATED  INITIAL  SPEED 

No. 

Straight 

Level 

straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Others 

Total 

0 

978 

35.4 

21.5 

2L7 

2.2 

7.0 

9.2 

3.0 

100 

1-10 

324 

37.1 

20.1 

18.8 

3.4 

8.3 

11.1 

1.2 

100 

11-20 

494 

23.1 

41.1 

13.0 

2.4 

11.3 

6.5 

2.6 

100 

21-30 

553 

32.5 

27.3 

20.6 

.9 

7.2 

10.1 

1.4 

100 

31-40 . . . 

904 

34.1 

22.2 

21.5 

3.4 

6.3 

10.8 

1.7 

100 

41-50 

581 

34.6 

18.6 

23.8 

3.8 

6.5 

11.1 

1.5 

100 

51-60 

59 

40.7 

22.0 

27.1 

3.4 

— 

6.8 

— 

100 

61 -Over 

11 

27.3 

9.1 

36.3 

9.1 

— 

9.1 

9.1 

100 

Total  

3904 

33.2 

24.4 

20.6 

2.7 

7.3 

9.8 

2.0 

100 
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TABLE  C-69 

Comparison  of  Light  Conditions  According 
To  Frequency  By  How  Passenger  Car  Was  Involved 

(1941-1952  Data) 

LIGHT  CONDITION 


HOW  VEHICLE  WAS  INVOLVED 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk 

& 

Dawn 

Totai 

Pedestrian  

25 

19 

1 

0 

45 

(26.96)* 

(13.88) 

(1.75) 

(2.43) 

Rear  End 

1453 

855 

158 

125 

2591 

(1551.51) 

(798.74) 

(100.91) 

( 139.88) 

Stopped,  Parked, 

188 

133 

23 

24 

368 

Stopping 

(220.36) 

(113.45) 

(14.33) 

(19.87) 

Medial  Strip 

484 

186 

16 

34 

720 

(431.13) 

(221.95) 

(28.04) 

(38.87) 

Collision  with  Object 

559 

318 

32 

51 

960 

Other  Than  Vehicle 

(574.84) 

(295.94) 

(37.39) 

(51.83) 

Overturning 

628 

248 

8 

55 

939 

(562.26) 

(289.46) 

(36.57) 

(50.69) 

Fire  Only 

42 

16 

0 

5 

63 

(37.71) 

(19.41) 

(2.45) 

(3.40) 

Running  Off  Roadway . 

239 

118 

4 

34 

395 

(236.53) 

(121.77) 

(15.39) 

(21.32) 

Sideswiping  

364 

157 

17 

31 

569 

(340.70) 

(175.10) 

(22.16) 

(30.72) 

Total  . 

3982 

2050 

259 

359 

6650 

Chi-Square  = 145.51 
df  = 24 

Probability  = .001  (Less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone ) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-70 

Comparison  of  Light  Conditions  According 
To  Frequency  By  How  Truck  Was  Involved 

(1941-1952  Data) 

LIGHT  CONDITIONS 


HOW  VEHICLE  WAS  INVOLVED 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk 

& 

Dawn 

Total 

Rear  End 

796 

862 

94 

89 

1841 

(828.93)* 

(814.38) 

(98.35) 

(99.35) 

Stopped,  Parked, 

127 

164 

48 

32 

371 

Stopping 

(167.05) 

(164.11) 

(19.82) 

(20.02) 

Medial  Strip 

130 

77 

4 

8 

219 

(98.61) 

(96.88) 

(11.70) 

(11.82) 

Collision  with  Object 

122 

125 

20 

16 

283 

Other  Than  Vehicle 

(127.42) 

(125.19) 

(15.12) 

(15.27) 

Overturning 

142 

120 

14 

18 

294 

(132.38) 

(130.05) 

(15.71) 

(15.87) 

Fire  Only 

78 

112 

6 

8 

204 

(91.85) 

(90.24) 

(10.90) 

(11.01) 

Running  Off  Roadway . 

60 

36 

2 

5 

103 

(46.38) 

(45.56) 

(5.50) 

(5.56) 

Sideswiping  

197 

127 

8 

22 

354 

(159.39) 

(156.59) 

(18.91) 

(19.10) 

Total  

1652 

1623 

196 

198 

3669 

Chi-Square  = 126.21 
df  = 21 

Probability  = .001  (Less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone ) 

* Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-71 

Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  By  Day  of  Week 

(1941-1952  Data) 

LIGHT  CONDITIONS 


DAY  OF  WEEK 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk 

& 

Dawn 

Total 

Sunday  

820 

511 

59 

81 

1471 

(884.00)* 

(450.49) 

(56.68) 

(79.82) 

Monday 

517 

261 

27 

65 

870 

(522.83) 

(266.44) 

(33.52) 

(47.21) 

Tuesday 

438 

177 

24 

41 

680 

(408.65) 

(208.25) 

(26.20) 

(36.90) 

Wednesday 

450 

220 

26 

38 

734 

(441.10) 

(224.79) 

(28.28) 

(39.83) 

Thursday 

504 

205 

27 

34 

770 

(462.73) 

(235.81  ) 

(29.67) 

(41.78) 

Friday  

563 

347 

35 

45 

990 

(594.94) 

(303.19) 

(38.15) 

(53.72) 

Saturday  

872 

401 

69 

72 

1414 

(849.75) 

(433.04) 

(54.49) 

(76.73) 

Total  

4164 

2122 

267 

376 

6929 

Chi-Square  = 55.23 
df  = 18 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-72 


Comparison  of  Light  Conditions  According 
To  Truck  Involvement  By  Day  of  Week 

(1941-1952  Data) 


DAY  OF  WEEK 

Daylight 

LIGHT  CONDITIONS 

Darkness  Darkness 

Highway  Highway 

Unlighted  Lighted 

Dusk 

& 

Dawn 

Total 

Sunday  

240 

218 

22 

23 

503 

(229.35)* 

(220.12) 

(26.64) 

(26.90) 

Monday 

194 

232 

28 

20 

474 

(216.12) 

(207.43) 

(25.10) 

(25.35) 

Tuesday 

262 

221 

26 

26 

535 

(243.94) 

(234.12) 

(28.33) 

(28.61) 

Wednesday 

267 

267 

39 

43 

616 

(280.87) 

(269.57) 

(32.62) 

(32.94) 

Thursday  

286 

238 

50 

35 

609 

(277.68) 

(266.51) 

(32.25) 

(32.57) 

Friday  

275 

287 

23 

31 

616 

(280.87) 

(269.57) 

(32.62) 

(32.94) 

Saturday  

241 

231 

17 

29 

518 

(236.18) 

(226.68) 

(27.43) 

(27.70) 

Total  

1765 

1694 

205 

207 

3871 

Chi-Square  = 37.72 
df  =18 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-73 


Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  By  Place  of  Occurrence 

(1941-1952  Data) 


LIGHT  CONDITIONS 

Dusk 

PLACE  OF  OCCURRENCE 

& 

(Main  Line) 

Daylight 

Darkness 

Dawn 

Total 

Normal  

3404 

1925 

313 

5642 

(3390.57)* 

(1945.26) 

(306.16) 

Interchange  Area 

371 

228 

29 

628 

(377.40) 

(216.52) 

(34.08) 

Gas  Station  Area 

145 

58 

5 

208 

(125.00) 

(71.72) 

(11.29) 

Tunnel  Approach 

127 

77 

19 

223 

and  Portal 

(134.01) 

(76.89) 

(12.10) 

In  Tunnel 

72 

60 

5 

137 

(82.33) 

(47.24) 

(7.43) 

Major  and  Minor 

45 

41 

5 

91 

Bridges 

(54.69) 

(31.37) 

(4.94) 

Total  

4164 

2389 

376 

6929 

Chi-Square  = 25.73 
df  = 10 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone. ) 

’^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-74 

Comparison  of  Light  Conditions  According 
To  Truck  Involvement  Frequency  By  Place  of  Occurrence 

(1941-1952  Data) 

LIGHT  CONDITIONS 


PLACE  OF  OCCURRENCE 
(Main  Line) 

Daylight 

Darkness 

ut 

Dawn 

Total 

Normal  

1425 

1464 

167 

3056 

(1421.30)* 

(1468.01) 

( 1 66.69 ) 

Interchange  Area 

135 

157 

14 

306 

(142.31) 

(146.99) 

( 1 6.69) 

Gas  Station  Area 

106 

110 

9 

225 

(104.65) 

( 108.09) 

(12.27) 

Tunnel  Approach  and  Portal 

60 

53 

13 

126 

(58.60) 

(60.52) 

(6.87) 

In  Tunnel 

28 

22 

4 

54 

(25.12) 

(25.94) 

(2.95) 

Major  and  Minor  Bridges . . 

11 

17 

0 

28 

(13.03) 

(13.45) 

(1.53) 

Total  

1765 

1823 

207 

3795 

Chi-Square  = 12.96 
df  = 10 

Probability  = .30  (30  times  in  100  these  deviations  would  occur  by  chance  alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-75 

Comparison  of  Light  Conditions  According 

To  Passenger  Car  Involvement  Frequency  by  Number  of  Vehicles  Involved 

(1941-1952  Data) 

LIGHT  CONDITIONS 

Darkness 

Darkness 

Dusk 

Highway 

Highway 

& 

NUMBER 

OF  VEHICLES 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

1 Vehicle  . 

1537 

740 

49 

154 

2480 

(1490.43)* 

(759.72) 

(95.23) 

(134.61) 

2 Vehicles 

2073 

1134 

136 

178 

3521 

(2116.05) 

(1078.62) 

(135.21) 

(191.12) 

3 or  more  Vehicles.  . 

553 

248 

81 

44 

926 

(556.51) 

(283.67) 

(35.56) 

(50.26) 

Total 

4163 

2122 

266 

376 

6927 

Chi-Square  = 

= 95.18 

df 

= 6 

Probability  = 

= .001 

(less  than  1 time  in 

1000  would  these  deviations  occur  by  chance 

alone.) 

""Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 

TABLE  C-76 

Comparison  of  Light  Conditions  According 
To  Truck  Involvement  Frequency  by  Number  of  Vehicles  Involved 

(1941-1952  Data) 

LIGHT  CONDITIONS 


Darkness 

Darkness 

Dusk 

Highway 

Highway 

& 

NUMBER  OF  VEHICLES 

Daylight 

Unllghted 

Lighted 

Dawn 

Total 

1 Vehicle 

386 

407 

41 

43 

877 

(400.18) 

(383.40) 

(46.48) 

(46.93) 

2 Vehicles 

1176 

1108 

136 

142 

2562 

(1169.07) 

(1120.05) 

(135.78) 

(137.11) 

3 or  more  Vehicles 

203 

176 

28 

22 

429 

(195.76) 

(187.55) 

(22.74) 

(22.96) 

Total  

1765 

1691 

205 

207 

3868 

Chi-Square  = 5.51 
df  =6 

Probability  = .5  (50  times  in  100  these  deviations  would  occur  by  chance  alone.) 

"•’Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-77 

Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  State  of  Registration 

(1941-1952  Data) 

LIGHT  CONDITIONS 


STATE  OF  REGISTRATION 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk 

& 

Dawn 

Total 

In  State  

1588 

932 

114 

167 

2801 

( 1683.78)* 

(855.97) 

(108.17) 

( 153.07) 

Out  of  State 

2537 

1165 

151 

208 

4061 

(2441.22) 

(1241.03) 

( 156.83) 

(221.93) 

Total  

4125 

2097 

265 

375 

6862 

Chi-Square  = 23.29 
df  =3 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


TABLE  C-78 

Comparison  of  Light  Conditions  According 
To  Truck  Involvement  Frequency  By  State  of  Registration 

(1941-1952  Data) 


LIGHT  CONDITIONS 


Darkness 

Darkness 

Dusk 

Highway 

Highway 

& 

STATE  OF  REGISTRATION 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

In  State  

743 

742 

80 

89 

1654 

(752.41)* 

(726.75) 

(86.98) 

(87.85) 

Out  of  State 

987 

929 

120 

113 

2149 

(977.59) 

(944.25) 

(113.02) 

(114.15) 

Total  

1730 

1671 

200 

202 

3803 

Chi-Square  = 1 .79 
df  =3 

Probability  = .70  (70  times  in  100  these  deviations  would  occur  by  chance  alone.) 

■^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-79 


Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  Sex  of  Driver 

(1941-1952  Data) 


LIGHT  CONDITIONS 

Darkness 

Darkness 

Highway 

Highway 

Dusk  & 

SEX  OF  DRIVER 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

Female 

713 

219 

25 

55 

1012 

(608.93)* 

(308.48) 

(39.21 ) 

(55.40) 

Male  

3387 

1858 

239 

318 

5802 

(3491.07) 

( 1768.52) 

(224.79)  (317.60) 

Total  

4100 

2077 

264 

373 

6814 

Chi-Square  = 57.42 

df  = 3 

Probability  = .001 

( less  than  1 time  in 

1000  would 

these  deviations 

occur  by  chance 

alone. ) 

■ Figures  in  parentheses  indicate  number  that  would  be 

expected  if  only 

chance  relationship 

existed. 

TABLE  C-80 


Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  Age  of  Driver 
(1941-1952  Data) 


LIGHT 

CONDITIONS 

Darkness 

Darkness 

Highway 

Highway 

Dusk  & 

AGE  OF  DRIVER 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

16-25 

1173 

803 

85 

129 

2190 

( 1321.22)* 

(664.03) 

(84.31  ) 

(120.44) 

26-35  

1153 

620 

81 

1 17 

1971 

( 1 189.10) 

(597.63) 

(75.88) 

( 108.39) 

36-45  

761 

353 

35 

61 

1210 

(729.99) 

(366.88) 

(46.57) 

(66.54) 

46-55  

557 

181 

38 

39 

815 

(491.69) 

(247.12) 

(31.37) 

(44.82) 

56-over  

415 

83 

20 

24 

542 

(326.99) 

(164.34) 

(20.86) 

(29.81) 

Total  

4059 

2040 

259 

370 

6728 

Chi-Square  = 148.10 
df  =12 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  oceur  by  chance 

alone. ) 

"^Figures  in  parentheses  indicate  niimher  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-81 


Comparison  of  Light  Conditions  According 

To  Truck  Involvement  Frequency  by  Age  of  Driver 

(1941-1952  Data) 

LIGHT  CONDITIONS 

Darkness  Darkness 

Highway  Highway 

Dusk  & 

AGE  OF 

DRIVER 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

16-25 

392 

(386.58)* 

353 

(368.1  1 ) 

46 

(43.70) 

52 

(44.61 ) 

843 

26-35  

686 

(739.23) 

758 

(703.90) 

93 

(83.57) 

75 

(85.30) 

1612 

36-45  

441 

(421.43) 

386 

(401.30) 

43 

(47.64) 

49 

(48.63) 

919 

46-55  

157 

( 138.95) 

119 

(132.31) 

1 1 

(15.71) 

16 

(16.03) 

303 

56-over  . . . . 

40 

(29.81) 

18 

(28.38) 

1 

(3.37) 

6 

(3.44) 

65 

Total  . . 

Chi-Square  = 
df  = 

30.23 

12 

1716 

1634 

194 

198 

3742 

Probability  = 

.01 

(less  than  1 time  in 
alone. ) 

100  would 

these  deviations 

occur  by 

chance 

*Figures  in  parentheses  indicate  number  that  would  he 

expected  if  only  chance  relationship 

existed. 
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TABLE  C-82 

Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  Estimated  Initial  Speed 

(1941-1952  Data) 


LIGHT 

CONDITIOttS 

Darkness 

Darkness 

ESTIMATED 

Highway 

Highway 

Dusk  & 

INITIAL  SPEED 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

0 

587 

377 

91 

57 

1112 

(668.26)* 

(340.55) 

(42.85) 

(60.34) 

1-10 

136 

61 

12 

11 

220 

(132.21) 

(67.38) 

(8.48) 

(11.94) 

11-20 

175 

74 

16 

12 

277 

( 166.46) 

(84.83) 

(10.67) 

(15.03) 

21-30 

354 

184 

38 

35 

611 

(367.18) 

(187.12) 

(23.54) 

(33.16) 

31-40 

768 

418 

64 

71 

1321 

(793.86) 

(404.56) 

(50.90) 

(71.68) 

41-50 

1074 

547 

28 

97 

1746 

(1049.26) 

(534.71) 

(67.28) 

(94.75) 

51-60 

726 

328 

13 

60 

1127 

(677.27) 

(345.14) 

(43.43) 

(61.16) 

61-70 

312 

123 

4 

33 

472 

(283.65) 

(144.55) 

(18.19) 

(25.61) 

71 -over  

32 

10 

1 

0 

43 

(25.84) 

(13.17) 

(1.66) 

(2.33) 

Total  

4164 

2122 

267 

376 

6929 

Chi-Square  = 163.21 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-83 

Comparison  of  Light  Conditions  According 
To  Truck  Involvement  Frequency  by  Estimated  Initial  Speed 

(1941-1952  Data) 

LIGHT  CONDITIONS 


ESTIMATED 

INITIAL  SPEED 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk  & 

Dawn 

Total 

0 

407 

416 

87 

63 

973 

(443.50)* 

(425.91  ) 

(51.54) 

(52.04) 

1-10 

160 

1 13 

30 

15 

318 

(144.95) 

(139.20) 

(16.84) 

( 17.01 ) 

11-20 

239 

217 

14 

19 

489 

(222.90) 

(214.05) 

(25.90) 

(26.16) 

21-30 

264 

221 

36 

25 

546 

(248.88) 

(239.01  ) 

(28.92) 

(29.21 ) 

31-40 

382 

434 

30 

51 

897 

(408.86) 

(392.64) 

(47.51) 

(47.98) 

41-50 

278 

262 

8 

30 

578 

(263.45) 

(253.00) 

(30.62) 

(30.92) 

5 1 -over  

34 

31 

0 

4 

69 

(31.45) 

(30.20) 

(3.66) 

(3.69) 

Total  

1764 

1694 

205 

207 

3870 

Chi-Square  = 94.74 
df  = 18 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-84 


Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  By  Roadway  Conditions 

(1941-1952  Data) 


LIGHT 

CONDITIONS 

Darkness 

Darkness 

Highway 

Highway 

Dusk  & 

ROADWAY  CONDITIONS 

Daylight 

Unlighted 

Lighted 

Dawn 

Total 

Dry  

2211 

1079 

163 

203 

3656 

(2198.14)* 

( 1 1 18.62) 

( 140.55) 

( 198.68) 

Wet  

790 

370 

51 

66 

1277 

(767.77) 

(390.71  ) 

(49.09) 

(69.39) 

Snow  

284 

126 

1 1 

24 

445 

(267.57) 

(136.17) 

( 17.1  1 ) 

(24.18) 

Ice  

832 

536 

38 

83 

1489 

(895.23) 

(455.58) 

(57.24) 

(80.92) 

Slush  

43 

6 

3 

0 

52 

(31.28) 

(15.92) 

(2.00) 

(2.83) 

Total  

4160 

2117 

266 

376 

6919 

Chi-Square  - 50. 1 8 
df  --  12 

Probability—  .001  (less  than  I time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

■ in  parentheses  indicate  number  that  would  he  expected  if  oidy  chance  relationship  existed. 
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TABLE  C-85 

Comparison  of  Light  Conditions  According 
To  Truck  Involvement  by  Roadway  Conditions 

(1941-1952  Data) 

LIGHT  CONDITIONS 


ROADWAY  CONDITIONS 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk  & 

Dawn 

Total 

Drv  

1052 

1062 

136 

1 14 

2364 

{ 1078.89)* 

(1034.21  ) 

( 124.23) 

( 126.68) 

Wet  

257 

274 

36 

40 

607 

(277.02) 

(265.55) 

(31.90) 

(32.53) 

Snow  

148 

72 

6 

15 

241 

(109.99) 

(105.43) 

( 12.66) 

(12.91  ) 

Ice  

291 

275 

25 

38 

629 

(287.06) 

(275.18) 

(33.05) 

(33.71  ) 

Slush  

15 

7 

0 

0 

22 

( 10.04) 

(9.62) 

( 1.16) 

(1.18) 

Total  

1763 

1690 

203 

207 

3863 

Chi-Square  = 43.40 
df  =12 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-86 

Comparison  of  Light  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  Roadway  Element 

(1941-1952  Data) 


ROADWAY  ELEMENT 

Daylight 

LIGHT 

Darkness 

Highway 

Unlighted 

CONDITIONS 

Darkness 

Highway 

Lighted 

Dusk  & 

Dawn 

Total 

Straight  Level 

590 

518 

94 

82 

1284 

(587.75)* 

(560.71  ) 

(68.27) 

(67.26) 

Straight  Up  

363 

514 

22 

49 

948 

(433.95) 

(413.99) 

(50.41  ) 

(49.66) 

Straight  Down 

402 

303 

6 1 

33 

799 

(365.75) 

(348.92) 

(42.48) 

(41.85) 

Curved  Level 

. . . . 53 

42 

6 

2 

103 

(47.14) 

(44.98) 

(5.48) 

(5.39) 

Curved  Up 

144 

120 

4 

16 

284 

( 130.00) 

( 124.03  ) 

( 15.10) 

( 14.88) 

Curved  Down 

187 

162 

15 

17 

381 

( 174.40) 

( 166.38) 

(20.26) 

( 19.96) 

Total  

1739 

1659 

202 

199 

3799 

Chi-Square  = 103.37 
df  =15 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  nittnher  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-87 

Comparison  of  Light  Conditions  According 
To  Truck  Involvement  Frequency  by  Roadway  Element 

(1941-1952  Data) 

LIGHT  CONDITIONS 


ROADWAY  ELEMENT 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk  & 

Dawn 

Total 

Straight  Level 

1596 

718 

144 

133 

2591 

( 1555.98)* 

(793.31  ) 

(99.98)  ( 

141.73) 

Straight  Up  

608 

369 

30 

55 

1062 

(637.77) 

(325.16) 

(40.98) 

(58.09) 

Straight  Down 

911 

426 

61 

86 

1484 

(891.19) 

(454.37) 

(57.26) 

(81.18) 

Curved  Level 

185 

101 

8 

16 

310 

( 186.17) 

(94.92) 

( 1 1.96) 

( 1 6.96 ) 

Curved  Up 

253 

160 

5 

22 

440 

(264.23) 

( 134.72) 

( 16.98) 

(24.07  ) 

Curved  Down 

509 

297 

13 

58 

877 

(526.67) 

(268.52) 

(33.84) 

(47.97) 

Total  

4062 

2071 

261 

370 

6764 

Chi-Square  = 75.40 

df  =15 

Probability  = .001 

( less  than  1 time  in 

1000  would 

these  deviations 

occur  by 

chance 

alone. ) 

^Figures  in  parentheses  indie 

ate  number  that  would  he  e 

’.X  pec  ted  if  only 

chance  relationship 

existed. 
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TABLE  C-88 


Comparison  of  Weather  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  How  Vehicle  Was  Involved 

(1941-1952  Data) 


HOW  VEHICLE 

WAS  INVOLVED 

Clear 

Cloudy 

WEATHER 

Raining 

CONDITIONS 

Misty 

Foggy 

Sleet — Snow 
Freezing  Rain 
Hail 

Total 

Pedestrian  

32 

5 

3 

5 

45 

( 30. 11)=''= 

(7.76) 

( 1.24) 

(5.86) 

Rear  End 

1745 

374 

1 1 1 

337 

2607 

( 1745.17) 

(450.06) 

(71.89) 

(339.89) 

Stopped,  Stopping,  Parked . 

248 

6 1 

7 

53 

369 

(247.03) 

(63.71 ) 

(10.18) 

(48.1  1 ) 

Medial  Strip 

377 

185 

12 

144 

718 

(480.65) 

( 123.96) 

( 19.80) 

(93.61 ) 

Collision  W/Obj. 

Other  Than  Vehicle  . . . 

665 

190 

15 

95 

965 

(645.97) 

( 166.59) 

(26.61  ) 

( 125.81  ) 

Overturning 

674 

160 

17 

91 

942 

(630.61  ) 

( 162.63) 

(25.98) 

( 122.82) 

Fire  Only 

60 

1 

2 

0 

63 

(42.17) 

( 10.87) 

( 1.74) 

(8.21  ) 

Running  OIT  Roadway.  . . . 

253 

102 

5 

36 

396 

(265.07) 

(68.36) 

( 10.92) 

(51.63) 

Sideswiping  

413 

74 

12 

69 

568 

(380.23) 

(98.06) 

( 15.66) 

(74.05) 

Total  

4467 

1 152 

184 

870 

6673 

Chi-Square  216.68 
df  - 24 

Probability  ^ .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

■ Figtire.s  ill  purenthcscs  indicate  nutnher  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE 

C-89 

Comparison  of  Weather  Conditions  According 

To  Truck  Involvement  Frequency  By  How  Vehicle  Was  Involved 

(1941-1952  Data) 

WEATHER 

CONDITIONS 

Sleet — Snow 

HOW  VEHICLE 

Clear 

Misty 

'reezing  Rain 

WAS  INVOLVED 

Cloudy 

Raining 

Foggy 

Hail 

Total 

Pedestrian  

12 

3 

0 

1 

16 

( 1 1.06)* 

(1.91) 

(.64) 

(2.39) 

Rear  End 

1345 

222 

94 

188 

1849 

(1278.06) 

(220.26) 

(74.06) 

(276.63) 

Stopped,  Stopping,  Parked . 266 

49 

13 

92 

420 

(290.31) 

(50.03) 

(16.82) 

(62.84) 

Medial  Strip 

105 

42 

17 

97 

261 

(180.41 ) 

(31.09) 

( 10.45) 

(39.05) 

Collision  W/Obj. 

Other  Than  Vehicle 

218 

36 

9 

56 

319 

(220.50) 

(38.00) 

( 12.78) 

(47.73) 

Overturning 

208 

49 

9 

75 

341 

(235.70) 

(40.62) 

(13.66) 

( 5 1 .02 ) 

Fire  Only 

192 

5 

3 

4 

204 

(141.01) 

(24.30) 

(8.17) 

(30.52) 

Running  Off  Roadway . 

79 

18 

1 

7 

105 

(72.58) 

( 12.51  ) 

(4.21  ) 

(15.71) 

Sideswiping  

250 

37 

9 

59 

355 

(245.38) 

(42.29) 

( 14.22) 

(53.1  1 ) 

Total  

2675 

461 

155 

579 

3870 

Chi-Square  = 268.84 

df  = 24 

Probability  = .001 

( less  than  1 time  in 

1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  he  e 

xpected  if  only  chance  relationship 

existed. 
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TABLE  C-90 

Comparison  of  Weather  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  Day  of  Week 


Clear 

(1941-1952 

Data) 

WEATHER  CONDITIONS 

Misty 

Sleet 

Freezing  Rain 

DAY  OF  WEEK 

Cloudy 

Raining 

Snowing 

Foggy 

Hail 

Total 

Sunday  

956 

(994.41  )* 

279 

(251.42) 

210 

(181.50) 

23 

(41.02) 

8 

(7.65) 

1476 

Monday  

622 

(587.48) 

146 

( 148.54) 

71 

( 107.23) 

25 

(24.23) 

8 

(4.52) 

872 

Tuesday 

454 

(459.48) 

128 

( 1 16.17) 

79 

(83.87) 

14 

( 18.95) 

7 

(3.53) 

682 

Wednesday  

489 

(497.88) 

101 

( 125.88) 

121 

(90.87) 

26 

(20.54) 

2 

(3.83) 

739 

Thursday 

545 

(520.79) 

124 

(131.67) 

88 

(95.06) 

14 

(21.48) 

2 

(4.00) 

773 

Friday  

649 

( 665.64 ) 

175 

( 168.30) 

1 22 

(121.49) 

33 

(27.46) 

9 

(5.12) 

988 

Saturday  

964 

( 960.05  ) 

230 

(242.73) 

163 

( 175.23) 

58 

(39.60) 

10 

(7.38) 

1425 

Total  

Chi-Square  ^ 79.04 
df  24 

4679 

1 183 

854 

193 

36 

6945 

Probability  .001 

( less  than 
alone. ) 

1 time  in  1000  would  these  deviations 

occur  by  chance 

'‘‘Fif’iircs  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-91 


Comparison  of  Weather  Conditions  According 
To  Truck  Involvement  Frequency  By  Day  of  Week 

(1941-1952  Data) 

WEATHER  CONDITIONS 


DAY  OF  WEEK 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 
Hail 

Total 

Sunday  

137 

84 

65 

17 

1 

304 

(215.46)* 

(40.27) 

(33.34) 

(13.29) 

( 1.65) 

Monday 

328 

76 

42 

24 

3 

473 

(335.23) 

(62.66) 

(51.87) 

(20.67) 

(2.57) 

Tuesday  . . . . , 

390 

64 

59 

23 

0 

536 

(379.88) 

(71.00) 

(58.78) 

(23.42) 

(2.91  ) 

Wednesday  . , 

438 

75 

63 

39 

5 

620 

(439.42) 

(82.13) 

(67.99) 

(27.10) 

(3.37) 

Thursday  . . . . 

468 

67 

57 

19 

0 

611 

(433.04) 

(80.94) 

(67.00) 

(26.70) 

(3.32) 

Friday  

448 

73 

60 

23 

8 

612 

(433.75) 

(81.07) 

(67.1  1 ) 

(26.75) 

(3.32) 

Saturday  . . . . 

402 

49 

58 

1 6 

3 

528 

(374.21  ) 

(69.94) 

(57.90) 

(23.07) 

(2.87) 

Total  . . , 

261 1 

488 

404 

161 

20 

3684 

Chi-Square  = 

155.69 

df  = 

24 

Probability  = 

.001 

( less  than 

1 time  in  1 

000  would  these  deviations 

occur  by  i 

chance 

alone. ) 


'^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-92 

Comparison  of  Weather  Conditions  According 
To  Passenger  Car  Involvement  Frequency  By  Place  Main  Line 

(1941-1952  Data) 

WEATHER  CONDITIONS 


PLACE  Clear 

MAIN  LINE  Cloudy 

Normal  3790 

(3804.42)* 

Interchange  Area 438 

(423.16) 

Gas  Station  Area 158 

( 140.61  ) 

Tunnel  Approach  and  149 

Portal  (152.72) 

Major  and  Minor  Bridges.  . 48 

(61.22) 

In  Tunnel 96 

(96.88) 

Total  4679 

Chi-Square  ^ 29.04 
df  =15 


Probability  - - .02  ( less  than  2 times  in 

alone. ) 


Raining 

Snow,  Sleet 
Freezing  Rain 
Hail 

Misty 

Foggy 

Total 

955 

754 

156 

5655 

(961.88) 

(731.78) 

( 156.92) 

99 

72 

20 

629 

( 106.99) 

(81.39) 

( 17.45) 

37 

13 

1 

209 

( 35.55  ) 

(27.05) 

(5.80) 

42 

30 

6 

227 

(38.61  ) 

(29.37) 

(6.30) 

21 

17 

5 

91 

( 15.48) 

( 1 1.78) 

(2.53) 

29 

14 

5 

144 

(24.49) 

(18.63) 

(4.00) 

1 183 

900 

193 

6955 

100  would  these  deviations  occur  by  chance 


Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-93 

Comparison  of  Weather  Conditions  According 
To  Truck  Involvement  Frequency  By  Place  Main  Line 

(1941-1952  Data) 

WEATHER  CONDITIONS 


PLACE 

Snow,  Sleef 

MAIN  LINE 

Clear 

Freezing  Rain 

Misty 

Cloudy 

Raining 

Hail 

Foggy 

Total 

Normal  

2264 

382 

357 

132 

3135 

(2268.92)* 

(393.89) 

(342.23) 

{ 129.95) 

Interchange  Area 

232 

35 

24 

17 

308 

(222.91  ) 

(38.70) 

(33.62) 

(12.77) 

Gas  Station  Area 

169 

33 

21 

4 

Tty 

( 164.29) 

(28.52) 

(24.78) 

(9.41  ) 

Tunnel  Approach  and 

86 

18 

18 

6 

128 

Portal  

(92.64) 

( 16.08) 

(13.97) 

(5.31  ) 

In  Tunnel 

42 

14 

2 

0 

58 

(41.98) 

(7.29) 

(6.33) 

(2.40) 

Major  and  Minor  Bridge  . . . 

18 

6 

2 

2 

28 

(20.26) 

(3.52) 

(3.06) 

( 1.16) 

Total  

2811 

488 

424 

161 

3884 

Chi-Square  = 26.91 
df  = 15 

Probability  = .05  (less  than  5 times  in  100  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-94 

Comparison  of  Weather  Conditions  According  to  Passenger  Car 
Involvement  Frequency  By  Number  of  Vehicles  Involved 

(1941-1952  Data) 


NUMBER  OF 

VEHICLES  INVOLVED 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 
Hail 

Total 

1 Vehicle 

1712 

487 

232 

43 

15 

2489 

(1674.62)* 

(423.67) 

(305.13) 

(69.12) 

( 16.47) 

2 Vehicles 

2449 

487 

460 

1 14 

19 

3529 

(2374.33) 

(600.69) 

(432.62) 

(98.00) 

(23.36) 

3 or  More  Vehicles. 

515 

209 

160 

36 

12 

932 

(627.05) 

( 158.64) 

( 1 14.25) 

(25.88) 

(6.17) 

Total  

4676 

1 183 

852 

193 

46 

6950 

Chi-Square 130.65 
df  --  8 

Probability  .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 


TABLE 

C-95 

Comparison  of  Weather  Conditions  According  to  Truck  Involvement 

Frequency  By  Number  of  Vehicles  Involved 

(1941-1952  Data) 

VtEATHER  CONDITIONS 

Sleet 

NUMBER  OF 

Clear 

Misty 

Freezing  Rain 

VEHICLES  INVOLVED  Cloudy 

Raining 

Snowing 

Foggy 

Hail 

Total 

1 Vehicle  . . . 

691 

107 

59 

21 

2 

880 

(636.70)* 

( 1 10.65) 

(91.61 ) 

(36.51) 

(4.53) 

2 Vehicles  . . 

1880 

287 

293 

94 

17 

2571 

( 1860.18) 

(323.28) 

(267.63) 

( 106.66) 

( 13.25) 

3 or  More  Vehicles.  237 

94 

52 

46 

1 

430 

(311.12) 

(54.07) 

(44.76) 

( 17.84) 

(2.22) 

Total  . . 

2808 

488 

404 

161 

20 

3881 

Chi-Square  - 

127.05 

df 

8 

Probability  ^ 

.00 1 ( less  than 

1 time  in 

1000  would  these  deviations  occur  by  chance 

alone. ) 

■ Figures  in  paren 

theses  indicate  number  that 

would  he  expected  if  only  chan 

e relationship 

existed. 
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TABLE 

C-96 

Comparison  of  Weather  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  State  of  Registration 

(1941-1952  Data) 

WEATHER  CONDITIONS 

STATE  OF 
REGISTRATION 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 

Hail  Total 

In  State 

1888 

496 

325 

83 

14  2806 

( 1887.78)* 

(479.07) 

(344.23) 

(76.18) 

( 18.74) 

Out  of  State 

2746 

680 

520 

104 

32  4082 

(2746.22) 

(696.93) 

(500.77)  ( 

1 10.82) 

(27.26) 

Total  

4634 

1176 

845 

187 

46  6888 

Chi-Square  = 5.88 
df  =4 

Probability  = .30 

( 30  times  in 

100  these  deviations  would 

occur  by  chance  alone.) 

* Figures  in  parentheses 

indicate  number  that 

would  be  expected  if  only  chance  relationship 

existed. 

TABLE  C-97 

Comparison  of  Weather  Conditions  According  to  Truck 

Involvement  Frequency  by  State  of  Registration 

(1941-1952  Data) 

WEATHER  CONDITIONS 

Sleet 

STATE  OF 

Clear 

Misty 

Freezing  Rain 

REGISTRATION 

Cloudy 

Raining  Snowing 

Foggy 

Hail  Total 

In  State  

1204 

214  175 

55 

12  1660 

( 1201.73)* 

(208.69)  (171.74) 

(69.13) 

(8.70) 

Out  of  State 

1560 

266  220 

104 

8 2158 

( 1562.27) 

(271.31)  (223.26) 

(89.87) 

( 1 1.30) 

Total  

2764 

480  395 

159 

20  3818 

Chi-Square  = 7.68 
df  =4 

Probability  = .20 

( 20  times  in 

100  these  deviations  would 

occur  by  chance  alone. ) 

^Figures  in  parentheses  indicate  number  that 

would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-98 

Comparison  of  Weather  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Sex  of  Driver 

(1941-1952 

Data) 

WEATHER  CONDITIONS 

SEX  OF  DRIVER 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 
Hail 

Total 

Female 

693 

173 

116 

27 

4 

1013 

(680.52)* 

( 173.43) 

( 124.26) 

(28.29) 

(6.52) 

Male  

3902 

998 

723 

164 

40 

5827 

(3914.48) 

(997.57) 

(714.74) 

( 162.71) 

(37.48) 

Total  . . 

4595 

1171 

839 

191 

44 

6840 

Chi-Square  = 
df  = 

2.13 

4 

Probability  = 

.80 

( 80  times  in 

100  these  deviations  would 

occur  by  chance  alone. 

^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 

TABLE  C-99 

Comparison  of  Weather  Conditions  According  to  Passenger  Car 

Involvement  Frequency  by  Age  of  Driver 

(1941-1952 

Data) 

WEATHER  CONDITIONS 

Sleet 

Clear 

Misty 

Freezing  Rain 

AGE  OF 

DRIVER 

Cloudy 

Raining 

Snowing 

Foggy 

Hail 

Total 

16-25 

1497 

371 

268 

57 

12 

2205 

( 1485.45 ) * 

(376.91  ) 

( 266.94 ) 

(61.68) 

( 14.03) 

26-35  

1297 

347 

253 

61 

15 

1973 

( 1329.14) 

(337.25) 

(238.85) 

(55.19) 

(12.56) 

36-45  

816 

203 

145 

38 

1 1 

1213 

(817.18) 

(207.35) 

( 146.85) 

(35.93) 

(7.72) 

46-55  

568 

143 

94 

17 

4 

826 

(556.44) 

( 141.19) 

(99.99) 

(23.10) 

(5.26) 

56-Over  . 

374 

91 

58 

16 

1 

540 

(363.80) 

(92.31  ) 

(65.37) 

(15.10) 

(3.44) 

Total 

4552 

1155 

818 

189 

43 

6757 

Chi-Square 

= 11.27 

df 

= 16 

Probability 

= .80 

( 80  times  in 

100  these  deviations  would 

occur  by  chance  alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-100 

Comparison  of  Weather  Conditions  According  to  Truck 
Involvement  Frequency  by  Age  of  Driver 

(1941-1952  Data) 

WEATHER  CONDITIONS 


AGE  OF  DRIVER 

Clear 

Cloudy 

Raining 

Snowing,  Sleet 
Freezing  Rain 

Hail 

Misty 

Foggy 

Total 

16-25 

643 

102 

62 

38 

845 

(612.21)* 

(108.41) 

(89.51 ) 

(34.86) 

26-35  

1155 

214 

175 

75 

1619 

( 1 172,99) 

(207.71  ) 

( 171.51 ) 

(66.79) 

36-45  

663 

121 

108 

32 

924 

( 669.45 ) 

(118.54) 

(97.88) 

(38.12) 

46-55  

212 

37 

48 

7 

304 

(220.26) 

(39.00) 

(32.21) 

(12.54) 

56-Over 

49 

8 

5 

3 

65 

(47.09) 

(8.34) 

(6.89) 

(2.68) 

Total  

2722 

482 

398 

155 

3757 

Chi-Square  = 25.60 
df  = 12 

Probability  = .02  (less  than  2 times  in  100  would  these  deviations  occur  by  chance 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-101 

Comparison  of  Weather  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Estimated  Initial  Speed 

(1941-1952  Data) 


WEATHER  CONDITIONS 


ESTIMATED  Clear 

INITIAL  SPEED  Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 
Hail 

Total 

0 

769 

169 

142 

34 

5 

1 119 

(752.81  )* 

( 190.33) 

(137.40) 

(31.05) 

(7.40) 

1-10 

145 

35 

28 

14 

0 

222 

( 149.35) 

(37.76) 

(27.26) 

(6.16) 

(1.47) 

11-20 

144 

53 

66 

13 

2 

278 

(187.02) 

(47.29) 

(34.14) 

(7.71) 

(1.84) 

21-30 

323 

97 

165 

26 

6 

617 

(415.09) 

( 104.95) 

(75.76) 

( 17.12) 

(4.08) 

31-40 

809 

208 

251 

44 

14 

1326 

(892.07) 

(225.54) 

( 162.82) 

(36.80) 

(8.77) 

41-50 

1201 

339 

167 

33 

12 

1752 

( 1 178.66) 

(298.00) 

(215.13) 

(48.62) 

(11.59) 

51-60 

860 

209 

32 

19 

6 

1126 

(757.52) 

( 191.53) 

(138.26) 

(31.25) 

(7.45) 

6 1 -Over  .... 

428 

73 

3 

10 

1 

515 

(346.47) 

(87.60) 

(63.24) 

(14.29) 

(3.41  ) 

Total  . . 

4679 

1183 

854 

193 

46 

6955 

Chi-Square  = 
df  =- 

458.82 

28 

Probability  = 

.001  ( less  than  1 

time  in  1000 

would  these 

deviations 

occur  by  chance 

alone. ) 

■'Figures  in  parentheses  indicate  nurnher  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-102 

Comparison  of  Weather  Conditions  According  to  Truck 
Involvement  Frequency  by  Estimated  Initial  Speed 

(1941-1952  Data) 


WEATHER  CONDITIONS 

Snow,  Sieet 


ESTIMATED 

INITIAL  SPEED 

Clear 

Cloudy 

Raining 

Freezing  Rain 

Hail 

Misty 

Foggy 

Total 

0 

692 

131 

113 

40 

976 

(706.30)* 

(122.66) 

( 106.57) 

(40.47) 

1-10 

208 

39 

59 

15 

321 

(232.30) 

(40.34) 

(35.05) 

(13.31) 

1 1-20 

332 

52 

83 

22 

489 

(353.87) 

(61.46) 

(53.40) 

(20.28) 

21-30 

381 

73 

65 

29 

548 

(396.57) 

(68.87) 

(59.84) 

( 22.72 ) 

31-40 

661 

121 

84 

35 

901 

(652.02) 

(113.23) 

(93.38) 

(37.36) 

41-50 

477 

64 

20 

18 

579 

(419.00) 

(72.77) 

(63.22) 

(24.01  ) 

50-Over 

59 

8 

0 

2 

69 

(49.93) 

(8.67) 

(7.53) 

(2.86) 

Total  

2810 

488 

424 

161 

3883 

Chi-Square  = 95.35 
df  =18 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

''Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-103 

Comparison  of  Weather  Conditions  According  to 
Passenger  Car  Involvement  Frequency  by  Light  Conditions 

(1941-1952 

Data) 

WEATHER  CONDITIONS 

LIGHT 

CONDITIONS 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 
Hail 

Total 

Daylight  .... 

2933 

(2800.58)* 

702 

(706.16) 

441 

(512.48) 

64 

(116.09) 

23 

(27.67) 

4163 

Darkness 

Highway 

Unlighted 

1300 

(1426.88) 

374 

(359.78) 

339 

(261.10) 

90 

(59.15) 

18 

(14.10) 

2121 

Darkness 

Highway 
Lighted  . . 

183 

( 175.58) 

39 

(44.27) 

27 

(32.13) 

12 

(7.28) 

0 

(1.73) 

261 

Dusk-Dawn  . 

240 

(252.96) 

59 

(63.78) 

45 

(46.29) 

27 

(10.49) 

5 

(2.50) 

376 

Total  . . 

4656 

1 174 

852 

193 

46 

6921 

Chi-Square  = 
df  = 

Probability  = 

128.76 

12 

.001  (less  than  ‘ 
alone. ) 

time  in  1000  would  these  deviations  occur  by  chance 

'^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship 

existed. 
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TABLE  C-104 

Comparison  of  Weather  Conditions  According  to 
Truck  Involvement  Frequency  by  Light  Conditions 

(1941-1952  Data) 


LIGHT 

CONDITIONS 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Freezing  Rain 
Hail 

Total 

Daylight 

1312 

( 1276.89)* 

212 

(219.97) 

194 

(183.00) 

37 

(73.02) 

7 

(9.13) 

1762 

Darkness 

Highway 
Unlighted  .... 

1203 

(1226.16) 

215 

(211.23) 

173 

( 175.73) 

94 

(70.12) 

7 

(8.76) 

1692 

Darkness 

Highway 
Lighted  

151 

( 144.94) 

29 

(24.97) 

11 

(20.77) 

9 

(8.29) 

0 

( 1.04) 

200 

Dusk-Dawn  .... 

132 

(150.01) 

26 

(25.84) 

23 

(21.50) 

20 

(8.58) 

6 

(1.07) 

207 

Total  

2798 

482 

401 

160 

20 

3861 

Chi-Square  = 76.00 
df  =12 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^’Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-105 

Comparison  of  Weather  Conditions  According  to 
Passenger  Car  Involvement  Frequency  by  Roadway  Element 

(1941-1952  Data) 

WEATHER  CONDITIONS 


RODAWAY  ELEMENT 

Clear 

Cloudy 

Raining 

Snowing 

Misty 

Foggy 

Sleet 

Freezing  Rain 
Hail 

Total 

Straight  Level  .... 

1798 

{ 1752.92)* 

434 

(443.51  ) 

272 

(317.95) 

83 

(73.34) 

18 

(17.28) 

2605 

Straight  Up 

776 

(715.30) 

135 

( 180.98) 

1 19 

( 129.74) 

28 

(29.93) 

5 

(7.05) 

1063 

Straight  Down  .... 

992 

( 1001.29) 

218 

(253.34) 

219 

( 181.61 ) 

47 

(41.89) 

12 

(9.87) 

1488 

Curved  Level 

186 

(208.60) 

91 

(52.78) 

21 

(37.84) 

12 

(8.73) 

0 

(2.06) 

310 

Curved  Up  

279 

(296.75) 

82 

(75.08) 

71 

(53.82) 

6 

( 12.42) 

3 

(2.93) 

441 

Curved  Down  .... 

534 

(590.14) 

195 

( 149.31 ) 

126 

( 107.04) 

15 

(24.69) 

7 

(5.82) 

877 

Total  

4565 

1 155 

828 

191 

45 

6784 

Chi-Square  = 1 19.67 
df  = 20 

Probability  = .001 

( less  than 

1 time  in  1 

000  would  these 

deviations  occur  by  chance 

alone. ) 

''Figures  in  parentheses  ind'icate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-106 

Comparison  of  Weather  Conditions  According  to 
Truck  Involvement  Frequency  by  Roadway  Elements 

(1941-1952  Data) 


WEATHER  CONDITIONS 


ROADWAY  ELEMENT 

Clear 

Cloudy 

Raining 

Snow,  Sleet 
Freezing  Rain 

Hail 

Misty 

Foggy 

Total 

Straight  Level 

960 

139 

132 

59 

1290 

(935.35)=^ 

( 162.43) 

( 139.42) 

(52.79) 

Straight  Up 

771 

82 

67 

32 

952 

(690.28) 

(119.87) 

( 102.89) 

(38.96) 

Straight  Down 

544 

115 

99 

42 

800 

(580.06) 

( 100.73) 

(86.46) 

(32.74) 

Curved  Level  

80 

1 1 

7 

6 

104 

(75.41  ) 

(13.10) 

( 1 1.24) 

(4.26) 

Curved  Up  

196 

36 

45 

9 

286 

(207.37) 

(36.01  ) 

(30.91  ) 

( 1 1.70) 

Curved  Down 

213 

97 

62 

8 

380 

(275.53) 

(47.85) 

(41.07) 

( 15.55  ) 

Total  

^764 

480 

412 

156 

3812 

Chi-Square  = 138.62 
df  =15 

Probability  = .001  ( le.ss  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

''■'Figures  in  parentheses  indicate  number  that  ■troi/ld  he  expected  if  onh  chance  relationship  existed. 
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TABLE  C-107 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  How  Vehicle  Was  Involved 

(1941-1952  Data) 


ROADWAY  CONDITIONS 


HOW  VEHICLE 

WAS  INVOLVED 

Dry 

Wet 

Ice 

Snow  & 

Slush 

Total 

Pedestrian  

30 

(23.44)* 

9 

(8.50) 

2 

(9.80) 

4 

(3.26) 

45 

Rear  End 

1416 

( 1359.20) 

431 

(492.80) 

576 

(568.22) 

186 

( 188.76) 

2609 

Stopped,  Stopping.  Parked . 

160 

(192.23) 

57 

(69.70) 

105 

(80.36) 

47 

(26.70) 

369 

Medial  Strip 

224 

(375.10) 

193 

(136.00) 

224 

(156.81) 

75 

(52.09) 

720 

Collision  W/Obj.  Other 
Than  Vehicle 

512 

(501.70) 

221 

(181.90) 

177 

(209.74) 

53 

(69.67) 

963 

Overturning  

555 

(489.70) 

164 

(177.55) 

176 

(204.72) 

45 

(68.01) 

940 

Fire  Only 

58 

(33.35) 

4 

(12.09) 

2 

(13.94) 

0 

(4.63) 

64 

Running  Off  Roadway 

194 

(206.31  ) 

99 

(74.80) 

78 

(86.25) 

25 

(28.65) 

396 

Sideswiping  

329 

(296.95) 

83 

(107.66) 

114 

( 124.14) 

44 

(41.24) 

570 

Total  

3478 

1261 

1454 

483 

6676 

Chi-Square  = 274.37 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-108 

Comparison  of  Roadway  Conditions  According  to  Truck 
Involvement  Frequency  by  How  Vehicle  Was  Involved 

(1941-1952  Data) 

ROADWAY  CONDITIONS 

HOW  VEHICLE 

Snow  & 

WAS  INVOLVED 

Dry 

Wet 

Ice 

Slush 

Total 

Pedestrian  

11 

(9.75)* 

3 

(2.53) 

2 

(2.63) 

0 

(1.08) 

16 

Rear  End 

1153 

(1130.02) 

284 

(293.40) 

303 

(304.91) 

114 

1 125.67) 

1854 

Stopped,  Stopping,  Parked.  211 

(226.74) 

49 

(58.87) 

67 

(61.18) 

45 

(25.22) 

372 

Medial  Strip 

Collision  W/Obj.  Other 

59 

(134.09) 

58 

(34.82) 

75 

(36.18) 

28 

( 14.91) 

220 

Than  Vehicle 

184 

(172.49) 

50 

(44.79) 

38 

(46.54) 

1 1 

(19.18) 

283 

Overturning 

189 

( 179.80) 

52 

(46.68) 

45 

(48.51 ) 

9 

(20.00) 

295 

Fire  Only 

183 

(124.95) 

14 

(32.44) 

6 

(33.71) 

2 

(13.90) 

205 

Running  Off  Roadway  . 

66 

(63.39) 

19 

(16.46) 

15 

(17.10) 

4 

(7.05) 

104 

Sideswiping  

201 

(215.77) 

57 

(56.02) 

58 

(58.22) 

38 

(24.00) 

354 

Total  

Chi-Square  = 238.1  1 
df  = 24 

2257 

586 

609 

251 

3703 

Probability  = .001  (less  than  1 time  in 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  be  i 

1000  would  these  deviations  occur  by  chance 

’xpected  if  only  chance  relationship  existed. 
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TABLE  C-109 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Day  of  Week 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


DAY  OF  WEEK 

Dry 

Wet 

Snow 

'21 

Slush 

Total 

Sunday  

719 

(778.85)* 

271 

(274.41  ) 

68 

(94.94) 

409 

(317.74) 

10 

( 1 1.05) 

1477 

Monday 

516 

(459.82) 

167 

( 162.01  ) 

42 

(56.05) 

146 

( 187.59) 

1 

(6.52) 

872 

Tuesday 

349 

(360.69) 

142 

( 127.08) 

49 

(43.97) 

138 

(147.15) 

6 

(5.12) 

684 

Wednesday 

388 

(389.69) 

134 

( 137.30) 

63 

(47.50) 

147 

(158.98) 

7 

(5.53) 

739 

Thursday 

415 

(405.51  ) 

128 

( 142.87) 

55 

(49.43) 

164 

( 165.43) 

7 

(5.75) 

769 

Friday  

516 

(522.05) 

188 

( 183.93) 

62 

( 63.64 ) 

216 

(212.98) 

8 

(7.41) 

990 

Saturday  

764 

(750.38) 

262 

(264.38) 

108 

(91.47) 

276 

(306.13) 

13 

( 10.64) 

1423 

Total  

3667 

1292 

447 

1496 

52 

6954 

Chi-Square  " 82.61 
df  - 24 

Probability—  .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

'■  l- inures  in  parentheses  indicate  number  that  would  be  expected  if  (>nly  chance  relationship  existed. 
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TABLE  C-nO 

Comparison  of  Roadway  Conditions  According  to  Truck 
Involvement  Frequency  by  Day  of  Week 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


DAY  OF  WEEK 

Dry 

Wet 

Snow 

Icy 

Slush 

Total 

Sunday  

273 

(308.12)* 

73 

(79.79) 

32 

(31.32) 

126 

(82.91  ) 

1 

(2.86) 

505 

Monday 

285 

(287.99) 

99 

(74.58) 

23 

(29.27) 

65 

(77.49) 

0 

(2.67) 

472 

Tuesday 

323 

(327.03) 

98 

(84.69) 

40 

(33.24) 

73 

(88.00) 

2 

(3.03) 

536 

Wednesday 

374 

(378.29) 

104 

(97.96) 

45 

(38.45) 

93 

( 101.79) 

4 

(3.51  ) 

620 

Thursday 

387 

(372.79) 

85 

(96.54) 

32 

(37.89) 

101 

( 100.31 ) 

6 

(3.46) 

611 

Friday  

391 

(375.85) 

90 

(97.33) 

27 

(38.20) 

102 

(101.13) 

6 

(3.49) 

6 1 6 

Saturday  

338 

(320.93) 

65 

(83.1  1 ) 

42 

(32.62) 

78 

(86.36) 

3 

(2.98) 

526 

Total  

237  1 

614 

241 

638 

22 

3886 

Chi-Square  = 70.37 
df  =24 

Probability  = .00 1 ( less  than  1 time  in  1 000  would  these  deviations  occur  by  chance  alone. ) 

"''Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-ni 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Place  Main  Line 

(1941-1952  Data) 

ROADWAY  CONDITIONS 

PLACE  Snow 


MAIN  LINE 

Normal 

Dry 

2968 

(2978.32)* 

Wet 

1032 

( 1049.35) 

Slush 

408 

(405.28) 

Ice 

1240 

(1215.04) 

Total 

5648 

Interchange  Area 

353 

(331.69) 

102 

( 1 16.86) 

36 

(45.14) 

138 

(135.32) 

629 

Gas  Station  Area 

108 

( 109.68) 

40 

(38.65) 

28 

(14.93) 

32 

(44.75) 

208 

Tunnel  Approach  & Portal . 

1 10 

(120.76) 

54 

(42.55) 

20 

(16.43) 

45 

(49.26) 

229 

In  Tunnel 

97 

(78.57) 

43 

(27.68) 

2 

( 10.69) 

7 

(32.05) 

149 

Major  & Minor  Bridges  . . . 

31 

(47.99) 

21 

(16.91  ) 

5 

(6.53) 

34 

( 19.58) 

91 

Total  

3667 

1292 

499 

1496 

6954 

Chi-Square  = 83.77 
df  = 15 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-112 

Comparison  of  Roadway  Conditions  According  to  Truck 
involvement  Frequency  by  Place  Main  Line 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


PLACE 

Snow 

MAIN  LINE 

Dry 

Wet 

Slush 

Ice 

Total 

Normal  

1928 

484 

217 

507 

3136 

(1913.40)* 

(495.50) 

(212.24) 

(514.87) 

Interchange  Area 

197 

39 

14 

57 

307 

(187.31) 

(48.51 ) 

(20.78) 

(50.40) 

Gas  Station  Area 

129 

46 

23 

27 

225 

( 137.28) 

(35.55) 

(15.23) 

(36.94) 

Tunnel  Approach  & Portal. 

62 

22 

8 

38 

130 

(79.31) 

(20.54) 

(8.80) 

(21.34) 

In  Tunnel 

39 

19 

0 

2 

60 

(36.61) 

(9.48) 

(4.06) 

(9.85) 

Major  & Minor  Bridges.  . . . 

16 

4 

1 

7 

28 

(17.09) 

(4.43) 

(1.90) 

(4.60) 

Total  

2371 

614 

263 

638 

3886 

Chi-Square  = 57.57 
df  = 15 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-113 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Number  of  Vehicles  Involved 

(1941-1952  Data) 

ROADWAY  CONDITIONS 

NUMBER  OF 
VEHICLES  INVOLVED 

Dry 

Wet 

Snow 

Icy 

Slush 

Total 

1 Vehicle 

1378 

532 

104 

452 

20 

2486 

( 131 1.87)* 

(460.78) 

( 159.56) 

(535.19) 

( 18.60) 

2 Vehicles 

1938 

569 

255 

741 

23 

3526 

( 1860.67) 

(653.54) 

(226.30) 

(759.09) 

(26.39) 

3 or  More  Vehicles.  351 

187 

87 

303 

9 

937 

(494.46) 

( 173.67) 

(60.14) 

(201.72) 

(7.01) 

Total  

3667 

1288 

446 

1496 

52 

6949 

Chi-Square  --  1 7 1 
df  8 

.44 

Probability 

001  ( less  than 

1 time  in 

000  would  these  deviations  occur  by  chance 

alone. ) 

*Figures  in  purenthese 

y indicate  number  that 

would  he  expected  if  only  chance  relationship  existed. 

TABLE  C-n4 


Comparison  of  Roadway  Conditions  According  to  Truck 
Involvement  Frequency  by  Number  of  Vehicles  Involved 

(1941-1952  Data) 


ROADWAY  CONDITIONS 


NUMBER  OF 


VEHICLES  INVOLVED 

Dry 

Wet 

Snow 

Icy 

Slush 

Total 

1 Vehicle 

617 

135 

18 

103 

5 

878 

(535,44)=*= 

( 138.83) 

(54.49) 

( 144.26) 

(4.97) 

2 Vehicles 

1562 

398 

184 

415 

13 

2572 

( 1568.50) 

(406.70) 

( 159.63) 

(422.59) 

( 14.57) 

3 or  More  Vehicles. 

189 

81 

39 

120 

4 

433 

(264.06) 

(68.47) 

(26.87) 

(71.14) 

(2.45) 

Total  

2368 

614 

241 

638 

22 

3883 

Chi-Square  * ^ 1 16.65 
df  - 8 

Probability^-  .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 


’'■‘Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-115 


Comparison  of  Roadway  Conditions  According  to  Passenger  Car 


Involvement  Frequency  by  State  of  Registration 

(1941-1952 

Data) 

ROADWAY  CONDITIONS 

STATE  OF 
REGISTRATION 

Dry 

Wet 

Snow 

1^ 

SIjsh 

Instate 

1542 

534 

169 

541 

20 

(1481.02)* 

(521.52) 

(180.49) 

(601.78) 

(21.19) 

Out  of  State 

2093 

746 

274 

936 

32 

(2153.98 

(758.48) 

(262.51) 

(875.22) 

(30.81) 

Total 

3635 

1280 

443 

1477 

52 

Total 

2806 

4081 

6887 


Chi-Square  = 16.45 
df  =4 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone.) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


TABLE  C-116 


Comparison  of  Roadway  Conditions  According  to  Truck 
Involvement  Frequency  by  State  of  Registration 


(1941-1952  Data) 

ROADWAY  CONDITIONS 


STATE  OF 


REGISTRATION 

Dry 

Wet 

Snow 

'J1 

Slush 

Total 

Instate 

1009 

258 

118 

266 

11 

1662 

(1016.17)* 

(264.16) 

(102.27) 

(269.82) 

(9.57) 

Out  of  State 

1326 

349 

117 

354 

11 

2157 

(1318.83) 

(342.84) 

(132.73) 

(350.18) 

(12.43) 

Total 

2335 

607 

235 

620 

22 

3819 

Chi-Square  = 5.10 
df  =4 

Probability  = .30  (30  times  in  100  these  deviations  would  occur  by  chance  alone.) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  0117 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Sex  of  Driver 

(1941-1952  Data) 


ROADWAY  CONDITIONS 


SEX  OF  DRIVER 

Dry 

Wet 

Snow 

Uy 

Slush 

Total 

Female 

558 

193 

63 

193 

8 

1015 

(534.88)* 

(189.23) 

(64.86) 

(218.32) 

(7.72) 

Male  

3046 

1082 

374 

1278 

44 

5824 

(3069.12) 

(1085.77) 

(372.14) 

(1252.68) 

(44.28) 

Total  

3604 

1275 

437 

1471 

52 

6839 

Chi-Square  = 4.78 
df  =4 

Probability  = .50  (50  times  in  100  these  deviations  would  occur  by  chance  alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


TABLE  0118 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Age  of  Driver 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


AGE  OF  DRIVER 

Dry 

Wet 

Snow 

Icy 

Slush 

Total 

16-25 

1171 

422 

120 

476 

17 

2206 

(1  167.15)* 

(412.67) 

(140.71) 

(468.49) 

(16.98) 

26-35  

990 

352 

151 

461 

17 

1971 

(1042.82) 

(368.71  ) 

(125.72) 

(418.59) 

(15.17) 

26-45  

650 

219 

85 

253 

6 

1213 

(641.78) 

(226.91) 

(77.37) 

(257.61  ) 

(9.33) 

46-55  

464 

157 

45 

150 

9 

825 

(436.49) 

( 154.33) 

(52.62) 

( 175.21 ) 

(6.35) 

56-Over 

300 

114 

30 

95 

3 

542 

(286.76) 

(101.39) 

(34.57) 

( 1 15.11) 

(4.17) 

Total  

3575 

1264 

431 

1435 

52 

6757 

Chi-Square  = 33.07 
df  = 16 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-n9 

Comparison  of  Roadway  Conditions  According  to  Truck 
Involvement  Frequency  by  Age  of  Driver 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


AGE  OF  DRIVER 

Dry 

Wet 

Snow 

Slush 

Icy 

Total 

16-25 

547 

130 

30 

137 

844 

(517.68)* 

(135.65) 

(54.58) 

(136.10) 

26-35  

986 

270 

107 

257 

1620 

(993.64) 

(260.37) 

( 104.75) 

(261.23) 

36-45  

558 

151 

72 

143 

924 

(566.75) 

( 148.51  ) 

(59.75) 

( 149.00) 

46-55  

175 

45 

30 

54 

304 

(186.45) 

(48.86) 

( 1 9.66 ) 

(49.02) 

56-Over 

39 

8 

4 

15 

66 

(40.48) 

( 10.61 ) 

(4.27) 

( 10.64) 

Total  

2305 

604 

243 

606 

3758 

Chi-Square  = 25.88 
df  = 12 

Probability  = .02  ( le.ss  than  2 times  in  100  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-120 


Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Estimated  Initial  Speed 

(1941-1952  Data) 


ROADWAY 

CONDITIONS 

ESTIMATED 

Snow 

INITIAL  SPEED 

Dry 

Wet 

Slush 

Total 

0 

599 

195 

91 

237 

1122 

(591.67)* 

(208.46) 

(80.51) 

(241.38) 

1-10 

130 

33 

19 

40 

222 

(117.05) 

(41.24) 

(15.93) 

(47.75) 

11-20 

92 

48 

26 

113 

279 

(147.12) 

(51.84) 

(20.02) 

(60.02) 

21-30 

199 

91 

82 

246 

618 

(325.89) 

(114.82) 

(44.34) 

( 132.95) 

31-40 

512 

205 

149 

457 

1323 

(697.65) 

(245.80) 

(94.93) 

(284.61) 

41-50 

946 

389 

100 

314 

1749 

(922.29) 

(324.95) 

(125.50) 

(376.26) 

51-60 

784 

239 

32 

72 

1127 

(594.31) 

(209.39) 

(80.88) 

(242.46) 

61-70 

369 

87 

0 

15 

471 

(248.37) 

(87.51) 

(33.80) 

(101.32) 

71 -Over 

36 

5 

0 

2 

43 

(22.66) 

(7.98) 

(3.08) 

(9.25) 

Total  

3667 

1292 

499 

1496 

6954 

Chi-Square  = 877.17 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

"^Figures  in  parentheses  indicate  number  that  M ould  be  expected  if  only  chance  relationship  existed. 
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TABLE  M21 

Comparison  of  Roadway  Conditions  According  to  Truck 
Involvement  Frequency  by  Estimated  initial  Speed 

(1941-1952  Data) 


ROADWAY  CONDITIONS 


ESTIMATED 

INITIAL  SPEED 

Dry 

Wet 

Snow 

Slush 

ky 

Total 

0 

569 

150 

77 

179 

975 

(594.89)* 

(154.05) 

(65.99) 

(160.07) 

1-10 

153 

48 

36 

85 

322 

(196.46) 

(50.88) 

(21.79) 

(52.87) 

11-20 

265 

59 

61 

108 

493 

(300.80) 

(77.90) 

(33.37) 

(80.94) 

21-30 

317 

80 

39 

114 

550 

(335.58) 

(86.90) 

(37.22) 

(90.30) 

31-40 

576 

174 

38 

112 

900 

(549.13) 

(142.20) 

(60.91) 

(147.76) 

41-50 

435 

95 

12 

36 

578 

(352.66) 

(91.33) 

(39.12) 

(94.90) 

51 -Over 

56 

8 

0 

4 

68 

(41.49) 

(10.74) 

(4.60) 

(11.16) 

Total  

2371 

614 

263 

638 

3886 

Chi-Square  = 207.92 
df  =18 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-122 

Comparison  of  Roadway  Conditions  According  to  Passenger  Car 
Involvement  Frequency  by  Roadway  Element 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


Snow 


ROADWAY  ELEMENT 

Dry 

Wet 

Slush 

Icy 

Total 

Straight  Level 

1478 

501 

178 

448 

2605 

(1378)* 

(482) 

(186) 

(559) 

Straight  Up 

625 

154 

81 

202 

1062 

(561) 

(197) 

(76) 

(228) 

Straight  Down 

745 

256 

1 15 

375 

1491 

(789) 

(276) 

( 106) 

(320) 

Curved  Level 

154 

87 

1 1 

58 

310 

(164) 

(57) 

(22) 

( 66) 

Curved  Up 

212 

71 

30 

128 

441 

(233) 

(82) 

(31) 

(95) 

Curved  down 

377 

189 

69 

245 

880 

(465) 

(163) 

(63) 

(189) 

Total  

3591 

1258 

484 

1456 

6789 

Chi-Square  — 140.08 
df  ==  1 5 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

■^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-123 

Comparison  of  Road  Conditions  According  to  Truck 
Involvement  Frequency  by  Roadway  Element 

(1941-1952  Data) 

ROADWAY  CONDITIONS 


ROADWAY  ELEMENT 

Dry 

Wet 

Snow 

Slush 

Icy 

Total 

Straight  Level 

804 

(790.37)* 

215 

(206.41) 

94 

(87.10) 

180 

(209.12) 

1293 

Straisht  Lfp 

684 

(580.71 ) 

138 

( 151.65) 

35 

(64.00) 

93 

( 153.64) 

950 

Straight  Down 

460 

(489.63) 

117 

(127.87) 

72 

(53.96) 

152 

( 129.55) 

801 

Curved  Level 

70 

(63.57) 

16 

(16.60) 

5 

(7.01) 

13 

( 16.82) 

104 

Curved  Up 

160 

( 174.82) 

47 

(45.65) 

19 

( 19.27) 

60 

(46.25) 

286 

Curved  Down 

154 

(232.89) 

76 

(60.82) 

32 

(25.67) 

119 

(61.62) 

381 

Total  

2332 

609 

257 

617 

3815 

Chi-Square  = 167.52 
df  =15 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

'"^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-124 

Comparison  of  Road  Element  According  to  Passenger  Car 
Involvement  Frequency  by  How  Vehicle  Was  Involved 

(1941-1952  Data) 


ROADWAY  ElEMENT 


HOW  VEHICLE 

WAS  INVOLVED 

Straight 

Level 

straight 

Up 

straight 

Down 

Curved 

Levei 

Curved 

Up 

Curved 

Down 

Totai 

Pedestrian  

17 

(16.46)* 

3 

(6.74) 

14 

(9.47) 

1 

(1.97) 

2 

(2.80) 

6 

(5.54) 

43 

Rear  End 

1081 

(973.44) 

481 

(398.56) 

527 

(560.09) 

92 

(116.77) 

157 

(165.42) 

204 

(327.72) 

2542 

Stopped 

Stopping 

Parked 

164 

(139.38) 

54 

(57.07) 

83 

(80.20) 

9 

(16.72) 

18 

(23.69) 

36 

(46.92) 

364 

Medial  Strip  . . . 

238 

(269.98) 

114 

(1 10.54) 

130 

(155.34) 

38 

(32.38) 

69 

(45.88) 

116 

(90.89) 

705 

Collision  W/Obj 
Other  Than 

Vehicle  

330 

(358.82) 

120 

(146.91) 

218 

(206.45) 

57 

(43.04) 

57 

(60.97) 

155 

(120.80) 

937 

Overturning  . . . 

293 

(354.62) 

90 

(145.19) 

235 

(204.04) 

63 

(42.54) 

61 

(60.26) 

184 

(119.39) 

926 

Fire  Only 

32 

(24.13) 

9 

(9.88) 

13 

(13.89) 

0 

(2.90) 

2 

(4.10) 

7 

(8.13) 

63 

Running  Off 
Roadway  .... 

130 

(148.96) 

48 

(60.99) 

89 

(85.71) 

17 

( 17.87) 

32 

(25.31 ) 

73 

(50.15) 

389 

Sideswipping  . . . 

216 

(215.21) 

105 

(88.12) 

130 

( 123.83) 

23 

(25.82) 

27 

(36.57) 

61 

(72.45) 

562 

Total  

2501 

1024 

1439 

300 

425 

842 

6531 

Chi-Square  = 264.05 
df  = 40 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  C-125 

Comparison  of  Road  Element  According  to  Truck 
Involvement  Frequency  by  How  Vehicle  Was  Involved 

(1941-1952  Data) 

ROADWAY 

ELEMENT 

HOW  VEHICLE 
WAS  INVOLVED 

Straight 

Level 

straight 

Uo 

Straight 

Down 

Curved 

Level 

Curved 

“P 

Curved 

Down 

Total 

Rear  End  . . . 

602 

(613.67)* 

583 

(459.63) 

333 

(378.10) 

39 

(49.01) 

144 

(136.04) 

1 13 

(177.55) 

1814 

Stopped 
Stopping 
Parked  . . . 

147 

(123.14) 

85 

(92.23) 

86 

(75.87) 

11 

(9.84) 

11 

(27.30) 

24 

(35.63) 

364 

Medial  Strip  . 

52 

(73.07) 

44 

(54.73) 

44 

(45.02) 

6 

(5.84) 

35 

(16.20) 

35 

(21.14) 

216 

Collision  W/Obj. 

Other  Than 

Vehicle  100 

(95.40) 

39 

(71.45) 

73 

(58.78) 

13 

(7.62) 

19 

(21.15) 

38 

(27.60) 

282 

Overturning  . 

78 

(98.78) 

25 

(73.99) 

79 

(60.86) 

15 

(7.89) 

22 

(21.90) 

73 

(28.58) 

292 

Fire  Only  . . . 

109 

(69.01) 

42 

(51.69) 

31 

(42.52) 

4 

(5.51) 

12 

(15.30) 

6 

(19.97) 

204 

Running  Off 
Roadway  . 

29 

(34.51) 

11 

(25.84) 

31 

(21.26) 

4 

(2.76) 

7 

(7.65) 

20 

(9.98) 

102 

Sideswiping  . 

no 

(119.42) 

90 

(89.44) 

79 

(73.58) 

6 

(9.54) 

22 

(26.47) 

46 

(34.55) 

353 

Total  . . 

. ..  1227 

919 

756 

98 

272 

355 

3627 

Chi-Square  = 
df  = 

Probability  = 

338.56 

35 

.001  (less  than  1 time 
alone. ) 

in  1000  would  these  deviations 

occur  by  chance 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  £ 

xisted. 
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TABLE  C-126 

Comparison  of  Road  Element  According  to  Passenger  Car 
involvement  Frequency  by  Day  of  Week 

(1941-1952  Data) 

ROADWAY  ELEMENT 


DAY  OF  WEEK 

Straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

U^ 

Curved 

Down 

Total 

Sunday  

142 

(166.57)* 

124 

(122.36) 

109 

( 103.21) 

17 

(13.62) 

47 

(36.76) 

53 

(49.48) 

492 

Monday 

162 

(157.77) 

132 

( 1 15.89) 

88 

(97.75) 

10 

(12.90) 

35 

(34.81) 

39 

(46.87) 

466 

Tuesday  

190 

( 179.44) 

119 

(131.81) 

132 

( 1 11.18) 

15 

(14.68) 

27 

(39.60) 

47 

(53.30) 

530 

Wednesday  . . . , 

208 

(204.83) 

161 

(150.46) 

111 

(126.91) 

17 

( 16.75) 

45 

(45.20) 

63 

(60.85) 

605 

Thursday 

196 

(205.17) 

150 

(150.71) 

125 

(127.12) 

10 

( 16.78) 

52 

(45.28) 

73 

(60.95) 

606 

Friday  

205 

(207.54) 

144 

(152.45) 

131 

(128.59) 

23 

(16.97) 

45 

(45.80) 

65 

(61.65) 

613 

Saturday  

193 

( 174.70) 

122 

( 128.33) 

107 

( 108.24) 

14 

(14.29) 

35 

(38.55) 

45 

(51.90) 

516 

Total  

1296 

952 

803 

106 

286 

385 

3828 

Chi-Square  = 39.54 
df  = 30 

Probability  = .20  (20  times  in  100  these  deviations  would  occur  by  chance  alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-127 

Comparison  of  Roadway  Element  According  to  Truck 
Involvement  Frequency  by  Day  of  Week 

(1941-1952  Data) 

ROADWAY  ELEMENT 


DAY  OF  WEEK 

Straight 

Level 

straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Total 

Sunday  

142 

{ 166.44)* 

124 

( 122.39) 

109 

( 103.13) 

17 

( 13.61 ) 

47 

(36.73) 

53 

(49.70) 

492 

Monday 

162 

( 157.64) 

132 

(115.92) 

88 

(97.68) 

10 

( 12.89) 

35 

(34.79) 

39 

(47.04) 

466 

Tuesday 

190 

( 179.30) 

119 

(131.84) 

132 

( 1 1 1.09) 

15 

(14.66) 

27 

(39.57) 

47 

(53.54) 

530 

Wednesday  . . . . 

208 

(204.67) 

161 

(150.50) 

111 

( 126.81) 

17 

(16.74) 

45 

(45.17) 

63 

(61.12) 

605 

Thursday 

196 

(205.01 ) 

150 

(150.75) 

125 

(127.02) 

10 

(16.77) 

52 

(45.24) 

73 

(61.22) 

606 

Friday  

205 

(207.37) 

144 

(152.49) 

131 

(128.49) 

23 

( 1 6.96 ) 

45 

(45.76) 

65 

(61.92) 

613 

Saturday  

193 

(175.57) 

123 

(129.11  ) 

107 

( 108.79) 

14 

( 14.36) 

35 

(38.75) 

47 

(52.43) 

519 

Total  

1296 

953 

803 

106 

286 

387 

3831 

Chi-Square  = 38.96 
df  = 30 

Probability  = .20  { 20  times  in  100  these  deviations  would  occur  by  chance  alone.) 

" Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-128 

Comparison  of  Roadway  Element  According  to  Passenger  Car 
Involvement  Frequency  by  Number  of  Vehicles  Involved 

(1941-1952  Data) 


ROADWAY  ELEMENT 


NUMBER  OF 
VEHICLES 

straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Total 

1 Vehicle  . . . 

829 

272 

580 

152 

147 

444 

2424 

(931.40)* 

(379.84) 

(533.71) 

(110.67) 

(154.22) 

(314.16) 

2 Vehicles  . . 

...  1398 

685 

664 

141 

236 

324 

3448 

(1324.87) 

(540.31) 

(759.17) 

(157.42) 

(219.37) 

(446.87) 

3 or  More 

Vehicles  . 

382 

107 

251 

17 

49 

112 

918 

(352.73) 

(143.85) 

(202.12) 

(41.91) 

(58.41) 

(118.98) 

Total  . . 

. . . 2609 

1064 

1495 

310 

432 

880 

6790 

Chi-Square  = 

: 247.22 

df  = 10 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


TABLE  C-129 

Comparison  of  Roadway  Element  According  to  Truck 
Involvement  Frequency  by  Number  of  Vehicles  Involved 

(1941 

-1952  Data) 

ROADWAY 

ELEMENT 

NUMBER  OF 
VEHICLES 

Straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Total 

1 Vehicle  . . . 

311 

113 

220 

34 

65 

132 

875 

(296.47)* 

(217.49) 

(183.84) 

(24.27) 

(65.48) 

(87.45) 

2 Vehicles  . . 

854 

765 

463 

65 

186 

191 

2524 

(855.20) 

(627.37) 

(530.29) 

(70.00) 

(188.87) 

(252.27) 

3 or  More 

Vehicles  . . 

130 

72 

120 

7 

35 

59 

423 

(143.32) 

(105.14) 

(88.87) 

(11.73) 

(31.65) 

(42.28) 

Total  . . 

. . . 1295 

950 

803 

106 

286 

382 

3822 

Chi-Square  = 

170.10 

df  = 

10 

Probability  = 

.001  (less  than  1 time 

in  1000  would  these  deviations 

occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-130 

Comparison  of  Road  Element  According  to  Passenger  Car 
Involvement  Frequency  by  State  of  Registration 

(1941-1952  Data) 

STATE  OF 
REGISTRATION 

Straight  Straight 

Level  Up 

ROADWAY  ELEMENT 

Straight  Curved 

Down  Level 

Curved 

Up 

Curved 

Down 

Total 

In  State  .... 

. . . 1097  447 

577  1 18 

176 

327 

2742 

( 1053.49)*  (429.46) 

(601.24)  (124.56) 

(178.70) 

(354.56) 

Out  of  State. 

. . . 1491  608 

900  188 

263 

544 

3994 

(1534.51)  (625.54) 

(875.76)  (181.44) 

(260.30) 

(516.44) 

Total  . . 

. . . 2588  1055 

1477  306 

439 

871 

6736 

Chi-Square  = 
df  = 

10.15 

5 

Probability  = 

.10  (10  times  in  100  these  deviations  would 

occur  by  chance  alone.) 

*Figures  in  parentheses  indicate  number  that  would  Z) 

e expected  if  only  chance  relationship  existed. 

TABLE  C-131 

Comparison  of  Road  Element  According  to  Truck 
Involvement  Frequency  by  State  of  Registration 

(1941-1952  Data) 

ROADWAY  ELEMENT 


STATE  OF 
REGISTRATION 

Straight 

Level 

Straight 

Up 

straight 

Down 

Curved 

Level 

Curved 

Curved 

Down 

Total 

In  State 

560 

407 

321 

50 

123 

171 

1632 

(550.21)* 

(409.30) 

(342.90) 

(45.53) 

(121.40) 

(162.59) 

Out  of  State ... 

709 

537 

470 

55 

157 

204 

2132 

(718.79) 

(534.70) 

(448.04) 

(59.47) 

(158.60) 

(212.41) 

Total  .... 

. 1269 

944 

791 

105 

280 

375 

3764 

Chi-Square  = 4.39 
df  =5 

Probability  = .50  (50  times  in  100  these  deviations  would  occur  by  chance  alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


269 


TABLE  C-132 

Comparison  of  Roadway  Element  According  to  Passenger  Car 
Involvement  Frequency  by  Sex  of  Driver 

(1941-1952  Data) 

ROADWAY  EtEMENT 

Straight  Straight  Straight  Curved  Curved  Curved 

SEX  OF  DRIVER  Level  Up  Down  Level  Up  Down  Total 


Female  387  130  231  45  56  142  991 

(380.71)*  (154.53)  (217.44)  (44.85)  (64.39)  (129.07) 

Male  2185  914  1238  258  379  730  5704 

(2191.29)  (889.47)  ( 1251.56)  (258.15)  (370.61)  (742.93) 

Total  . . . 2572  1044  1469  303  435  872  6695 

Chi-Square  = 8.49 
df  =5 

Probability  = .20  (20  times  in  100  these  deviations  would  occur  by  chance  alone.  ) 


^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 


TABLE  C-133 

Comparison  of  Roadway  Element  According  to  Passenger  Car 
Involvement  Frequency  by  Age  of  Driver 

(1941-1952  Data) 

ROADWAY  ELEMENT 


AGE  OF  DRIVER 

Straight 

Level 

Straight 

Up 

Straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Total 

16-25 

831 

357 

429 

1 10 

145 

290 

2162 

(828.89)* 

(339.41) 

(474.77) 

(98.09) 

(139.29) 

(281.53) 

26-35  

745 

300 

437 

86 

121 

237 

1926 

(738.42) 

(302.36) 

(422.95) 

(87.39) 

(124.09) 

(250.80) 

36-45  

475 

186 

254 

50 

73 

149 

1187 

(455.08) 

(186.34) 

(260.66) 

(53.86) 

(76.48) 

(154.57) 

46-55  

297 

115 

192 

34 

57 

111 

806 

(309.02) 

(126.53) 

(177.00) 

(36.57) 

(51.93) 

(104.96) 

56-Over 

187 

80 

140 

20 

30 

74 

531 

(203.59) 

(83.36) 

(116.61) 

(24.09) 

(34.21 ) 

(69.15) 

Total  

2535 

1038 

1452 

300 

426 

861 

6612 

Chi-Square  = 21.89 
df  = 20 

Probability  = .50  (50  times  in  100  these  deviations  would  occur  by  chance  alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-134 

Comparison  of  Roadway  Element  According  to  Truck 
Involvement  Frequency  by  Age  of  Driver 

(1941-1952  Data) 

ROADWAY  ELEMENT 


AGE  OF  DRIVER 

Straight 

Level 

Straight 

Up 

straight 

Down 

Curved 

Level 

Curved 

Up 

Curved 

Down 

Total 

16-25 

298 

199 

173 

24 

68 

72 

834 

(282.20)* 

(208.84) 

(174.63) 

(23.40) 

(61.89) 

(83.04) 

26-35  

535 

437 

325 

44 

1 12 

148 

1601 

(541.73) 

(400.90) 

(335.23) 

(44.93) 

(118.80) 

(159.41  ) 

36-45  

300 

227 

196 

30 

67 

92 

912 

(308.59) 

(228.37) 

(190.96) 

(25.59) 

(67.67) 

(90.81  ) 

46-55  

104 

56 

63 

5 

24 

44 

296 

(100.16) 

(74.12) 

(61.98) 

(8.31) 

(21.96) 

(29.47) 

56-Over  . . . . 

17 

9 

19 

1 

4 

13 

63 

(21.32) 

(15.78) 

( 13.19) 

(1.77) 

(4.67) 

(6.27) 

Total  . . 

1254 

928 

776 

104 

275 

369 

3706 

Chi-Square  = 

36.75 

df  = 

20 

Probability  = 

.02 

( less  than 

1 2 times 

in  100  would  these 

deviations 

occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-135 

Comparison  of  Roadway  Element  According  to  Passenger  Car 
Involvement  Frequency  by  Estimated  Initial  Speed 

(1941-1952  Data) 

ROADWAY  ELEMENT 

ESTIMATED  Straight  Straight  Straight  Curved  Curved  Curved 


INITIAL  SPEED 

Level 

“p 

Down 

Level 

•Lp. 

Down 

Total 

0 

493 

168 

246 

35 

58 

103 

1103 

(423.48)* 

(172.51) 

(242.55) 

(50.26) 

(71.50) 

(142.67) 

1-10  

102 

21 

48 

7 

14 

20 

212 

(81.39) 

(33.15) 

(46.62) 

(9.66) 

(13.74) 

(27.42) 

11-20  

1 10 

40 

70 

9 

15 

27 

271 

(104.06) 

(42.39) 

(59.60) 

(12.35) 

(17.57) 

(35.06) 

21-30  

238 

87 

149 

17 

35 

80 

606 

(232.68) 

(94.78) 

( 133.26) 

(27.61) 

(39.28) 

(78.39) 

31-40  

510 

199 

282 

38 

94 

164 

1287 

(494.14) 

(201.29) 

(283.01  ) 

(58.65) 

(83.43) 

(166.48) 

41-50  

609 

272 

386 

95 

114 

239 

1715 

(658.46) 

(268.22) 

(377.13) 

(78.15) 

(111.17) 

(221.84) 

51-60  

395 

194 

203 

75 

66 

166 

1099 

(421.97) 

(171.89) 

(241.68) 

(50.08) 

(71.24) 

(142.16) 

61-70  

139 

75 

105 

32 

43 

73 

467 

(179.31) 

(73.04) 

(102.70) 

(21.28) 

(30.27) 

(60.41) 

7 1 -Over  

16 

8 

7 

2 

2 

8 

43 

(16.51) 

(6.72) 

(9.45) 

(1.96) 

(2.79) 

(5.56) 

Total  .... 

. 2612 

1064 

1496 

310 

441 

880 

6803 

Chi-Square  = 125.34 
df  = 40 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  C-136 

Comparison  of  Roadway  Element  According  to  Truck 
Involvement  Frequency  by  Estimated  Initial  Speed 

(1941-1952  Data) 

ROADWAY  ELEMENT 


ESTIMATED 

Straight 

Straight 

straight 

Curved 

Curved 

Curved 

INITIAL  SPEED 

Level 

Up 

Down 

Level 

Up 

Down 

Total 

0 

347 

210 

212 

22 

68 

90 

949 

(321.54)* 

(236.20) 

( 199.23) 

(26.30) 

(70.96) 

(94.78) 

1-10  

120 

65 

61 

1 1 

27 

36 

320 

(108.42) 

(79.64) 

(67.18) 

(8.87) 

(23.93) 

(31.96) 

11-20  

114 

203 

64 

12 

56 

32 

481 

(162.97) 

(119.72) 

( 100.98) 

(13.33) 

(35.97) 

(48.04) 

21-30  

179 

151 

114 

5 

40 

56 

545 

(184.66) 

(135.64) 

(114.41) 

(15.10) 

(40.75) 

(54.43) 

31-40  

308 

201 

194 

31 

57 

98 

889 

(301.21) 

(221.26) 

( 186.63) 

(24.64) 

(66.47) 

(88.78) 

41-50  

201 

108 

138 

22 

38 

65 

572 

(193.81 ) 

(142.36) 

(120.08) 

(15.85) 

(42.77) 

(57.13) 

51 -Over 

27 

14 

20 

3 

0 

5 

69 

(23.38) 

(17.17) 

(14.49) 

(1.91) 

(5.16) 

(6.89) 

Total  .... 

. 1296 

952 

803 

106 

286 

382 

3825 

Chi-Square  = 155.30 
df  = 30 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

‘^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


273 


1 


I 


i 


I 


APPENDIX  D 

HUMAN  FACTORS  RELATED  TO  TURNPIKE  ACCIDENTS 


BEHAVORIAL  CONTINGENCY  TABLES 

Trucks  vs.  Passenger  Cars 
How  Vehicle  Was  Involved 
Day  of  Week 

Number  of  Vehicles  Involved 

State  of  Registration 

Nine  Selected  States 

Sex  of  Driver 

Age  of  Driver 

Estimated  Initial  Speed 

Occupation  of  Driver 
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TABLE  D-1 

Comparison  of  Passenger  Car  and  Truck 

Precipitating  Factors 

PRECIPITATING 

Possenger 

FACTORS 

Car 

Truck 

Total 

Failure  to  Cope  With  Road  Conditions 621 

65 

686 

(517)* 

(169) 

Illegal  and  Unsafe  Actions 

434 

237 

671 

( 505 ) 

(166) 

Vehicle  Failures 

233 

197 

430 

(324) 

( 106) 

Asleep  

310 

102 

412 

(310) 

( 102) 

Routine  Skills 

316 

49 

365 

(275) 

(90) 

Misperception  

188 

69 

257 

( 194) 

(63) 

Inattention 

92 

32 

124 

(93) 

(31) 

Failure  to  Avoid  Objects  in  Road.  . 

104 

10 

1 14 

(86) 

(28) 

Miscellaneous 

48 

1 1 

59 

(44) 

(15) 

Total  

2346 

772 

3118 

Chi-Square  = 27 1 .30 

df  =8 

Probability  = .001  (less  than 

1 time  in  1000  would  these  deviations 

occur  by  chance 

alone.) 

*Figures  in  parentheses  indicate  number  that 

would  be  expected  if  only  chance  relationship  t 

xisted. 
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TABLE  D-2 

Comparison  of  Precipitating  Factors  and 
How  Passenger  Car  Was  Involved 

(Accident  Data  1952-1953) 


PRECIPITATING 

Rear 

Stopped 

Stopping 

Medial 

Coll. 

W/Obj. 

Other 

Over- 

Fire 

Running 

Off 

Side- 

FACTORS 

End 

Parked 

Strip 

Than  Veh. 

Turning 

Only 

Roadway 

swiping 

Total 

Vehicle  Failures  . . . 

28 

1 

14 

50 

65 

34 

27 

4 

(66)* 

(7) 

(29) 

(46) 

(39) 

(4) 

(19) 

(14) 

223 

Failure  to  Cope 
W/Obj.  In  Road . 

4 

0 

3 

82 

5 

1 

2 

2 

(29) 

(3) 

(13) 

(20) 

(17) 

(2) 

(9) 

(6) 

99 

Failure  to  Cope  With 
Road  Conditions . 

93 

13 

139 

138 

125 

0 

73 

27 

(180) 

(19) 

(80) 

(124) 

(106) 

(10) 

(53) 

(37) 

608 

Inattention:  Asleep. 

133 

6 

35 

58 

53 

0 

17 

6 

(91) 

(10) 

(40) 

(63) 

(54) 

(5) 

(27) 

(19) 

308 

Inattention: 

Attending 

Other  Tasks  .... 

37 

2 

10 

14 

15 

0 

11 

1 

(27) 

(3) 

(12) 

(18) 

(16) 

(1) 

(8) 

(5) 

90 

Deficiencies 

In  Routine 

Driving  Skills  . . . 

28 

3 

47 

76 

92 

0 

42 

21 

(92) 

(10) 

(41) 

(63) 

(54) 

(5) 

(27) 

(19) 

309 

Illegal  and 

Unsafe  Actions  . . 

229 

35 

30 

24 

19 

1 

12 

56 

(120) 

(13) 

(53) 

(83) 

(71) 

(6) 

(35) 

(25) 

406 

Misperception  .... 

108 

9 

14 

17 

13 

0 

10 

16 

(56) 

(6) 

(25) 

(38) 

(33) 

(3) 

(16) 

(11) 

187 

Miscellaneous  .... 

14 

1 

6 

6 

8 

0 

4 

5 

(13) 

(1) 

(6) 

(9) 

(8) 

(1) 

(4) 

(3) 

44 

Total  

674 

70 

298 

465 

395 

36 

198 

138 

2274 

Chi-Square  = 1 158.85 
(if  = 56 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-3 

Comparison  of  Precipitating  Factors  and 
How  Truck  Was  Involved 

(Accident  Data  1952-1953) 

Coll. 


PRECIPITATING 

Rear 

Stopped 

Stopping 

Medial 

W Obj. 
Other 

Over- 

Fire 

Running 

Off 

Side- 

FACTORS 

End 

Parked 

Strip 

Than  Veh. 

Turning 

Only 

Roadway 

swiping 

Total 

Vehicle  Failures  . . . 

17 

3 

3 

26 

29 

73 

22 

1 

(72)* 

(15) 

(5) 

(17) 

(19) 

(18) 

(11) 

(15) 

174 

Failure  to  Cope 
W/Obj.  In  Road. 

1 

0 

1 

6 

1 

0 

1 

0 

(4) 

(1) 

(0) 

(1) 

(1) 

(1) 

(1) 

(1) 

10 

Failure  to  Cope  With 
Road  Conditions . 

15 

7 

7 

10 

15 

0 

3 

4 

(25) 

(5) 

(2) 

(6) 

(7) 

(6) 

(4) 

(5) 

61 

Inattention:  Asleep. 

77 

2 

0 

4 

9 

0 

6 

1 

(41) 

(8) 

(3) 

(10) 

(11) 

(10) 

(6) 

(9) 

99 

Inattention: 

Attending 

Other  Tasks  .... 

20 

1 

2 

3 

3 

0 

1 

1 

(13) 

(3) 

(1) 

(3) 

(3) 

(3) 

(2) 

(3) 

31 

Deficiencies 

In  Routine 

Driving  Skills  . . . 

7 

9 

1 

7 

12 

0 

5 

6 

(20) 

(4) 

(1) 

(5) 

(5) 

(5) 

(3) 

(4) 

47 

Illegal  and 

Unsafe  Actions  . . 

104 

35 

6 

11 

8 

1 

7 

42 

(89) 

(18) 

(7) 

(21) 

(24) 

(22) 

(14) 

(19) 

214 

Misperception  .... 

50 

3 

2 

2 

1 

0 

0 

8 

(27) 

(6) 

(2) 

(7) 

(7) 

(7) 

(4) 

(6) 

66 

Miscellaneous  .... 

5 

1 

0 

2 

1 

1 

0 

0 

(4) 

(1) 

(0) 

(1) 

(1) 

(1) 

(1) 

(1) 

10 

Total  

296 

61 

22 

71 

79 

75 

45 

63 

712 

Chi-Square  = 565.80 
df  = 56 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-4 

Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  By  Day  of  Week 

(Accident  Data  1952-1953) 

PRECIPITATING 


FACTORS 

Sun. 

Mon. 

Tue. 

Wed. 

Thu. 

Fri. 

Sat, 

Total 

Vehicle  Failures  . . . 

45 

35 

27 

37 

21 

34 

34 

233 

(51)* 

(32) 

(22) 

(25) 

(25) 

(30) 

(48) 

Failure  to  Cope 

W/Obj.  in  Road. 

23 

1 1 

10 

9 

15 

1 1 

25 

104 

(23) 

( 14) 

(10) 

(11) 

(11) 

(13) 

(22) 

Failure  to  Cope 

With  Road 

Conditions 

166 

69 

66 

55 

55 

58 

152 

621 

(137) 

(85) 

(58) 

(66) 

(66) 

(80) 

(129) 

Inattention:  Asleep. 

60 

52 

34 

24 

35 

45 

60 

310 

(68) 

(42) 

(29) 

(33) 

(33) 

(40) 

(64) 

Inattention: 

Attending 

Other  Tasks  .... 

19 

10 

4 

13 

15 

12 

19 

92 

(20) 

(13) 

(9) 

(10) 

(10) 

(12) 

(19) 

Deficiencies 

In  Routine 

Driving  Skills  . . . 

57 

47 

29 

37 

41 

37 

68 

316 

(70) 

(43) 

(29) 

(33) 

(34) 

(41) 

(66) 

Illegal  and 

Unsafe  Actions  . . 

104 

58 

31 

44 

43 

67 

86 

433 

(95) 

(59) 

(40) 

(46) 

(46) 

(56) 

(90) 

Misperception  .... 

36 

33 

15 

24 

19 

25 

36 

188 

(41) 

(26) 

(18) 

(20) 

(20) 

(24) 

(39) 

Miscellaneous  .... 

7 

6 

3 

5 

7 

12 

8 

48 

(11) 

(7) 

(4) 

(5) 

(5) 

(6) 

(10) 

Total  

517 

321 

219 

248 

251 

301 

488 

2345 

Chi-Square  = 78.89 
df  =48 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone. ) 

‘"Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-5 

Comparison  of  Precipitating  Factors  and 
Truck  Accidents  By  Day  of  Week 

(Accident  Data  1952-1953) 

PRECIPITATING 


FACTORS 

Sun. 

Mon. 

Tue. 

Wed. 

Thu. 

Fri. 

Sat. 

Total 

Vehicle  Failures  . . . 

19 

24 

24 

30 

32 

40 

28 

197 

(25)* 

(22) 

(26) 

(31) 

(34) 

(29) 

(30) 

Failure  to  Cope 

W Obj.  in  Road . 

2 

2 

2 

1 

0 

2 

1 

10 

(1) 

(1) 

(1) 

(2) 

(2) 

(1) 

(2) 

Failure  to  Cope 

With  Road 
Conditions 

14 

5 

8 

5 

12 

6 

15 

65 

(8) 

(7) 

(9) 

(10) 

(11) 

( 10) 

( 10) 

Inattention:  Asleep. 

6 

9 

14 

22 

15 

21 

15 

102 

( 13) 

(11) 

(13) 

( 16) 

(17) 

(15) 

(16) 

Inattention; 

Attending 

Other  Tasks  .... 

4 

1 

9 

4 

6 

4 

4 

32 

(4) 

(4) 

(4) 

(5) 

(5) 

(5) 

(5) 

Deficiencies 

In  Routine 

Driving  Skills  . . . 

3 

9 

5 

10 

10 

4 

8 

49 

(6) 

(5) 

(6) 

(8) 

(8) 

(7) 

(7) 

Illegal  and 

Unsafe  Actions  . . 

38 

26 

31 

39 

43 

26 

34 

237 

(30) 

(26) 

(31) 

(38) 

(40) 

(35) 

(36) 

Misperception  .... 

11 

10 

8 

12 

7 

1 1 

10 

69 

(9) 

(8) 

(9) 

(11) 

( 12) 

( 10) 

(11) 

Miscellaneous  .... 

1 

0 

1 

1 

7 

2 

3 

15 

(2) 

(2) 

(2) 

(2) 

(3) 

(2) 

(2) 

Total  

98 

86 

102 

124 

132 

116 

1 18 

776 

Chi-Square  = 68.39 
df  = 48 

Probability  = .05  (less  than  5 times  in  100  would  these  deviations  occur  by  chance 

alone. ) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-6 


Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  By  Number  of  Vehicles 

(Accident  Data  1952-1953) 


PRECIPITATING 

FACTORS 

1 

2 

3 or  More 

Total 

Vehicle  Failures 

188 

43 

2 

(118)* 

(101) 

(14) 

233 

Failure  to  Cope  W/Obj.  in  Road 

87 

17 

0 

(53) 

(45) 

(6) 

104 

Failure  to  Cope  With  Road  Conditions.  . . 

367 

214 

40 

(313) 

(269) 

(38) 

621 

Inattention:  Asleep 

141 

163 

6 

(156) 

(134) 

(19) 

310 

Inattention:  Attending  Other  Tasks 

45 

40 

7 

(46) 

(40) 

(6) 

92 

Dehciencies  In  Routine  Driving  Skills.  . . . 

230 

74 

12 

(160) 

(137) 

(19) 

316 

Illegal  and  Unsafe  Actions 

58 

309 

67 

(219) 

(188) 

(27) 

434 

Misperception  

46 

134 

8 

(95) 

(82) 

(11) 

188 

Miscellaneous  

23 

24 

1 

(24) 

(21) 

(3) 

48 

Total  

. 1185 

1018 

143 

2346 

Chi-Square  = 546.36 
df  = 16 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

*Figiires  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-7 

Comparison  of  Precipitating  Factors  and 
Truck  Accidents  By  Number  of  Vehicles 

(Accident  Data  1952-1953) 

PRECIPITATING 


FACTORS 

1 

2 

3 or  More 

Totol 

Vehicle  Failures 

158 

36 

3 

(71)* 

(112) 

(15) 

197 

Failure  to  Cope  W/Obj.  in  Road 

7 

2 

1 

(4) 

(6) 

(1) 

10 

Failure  to  Cope  With  Road  Conditions.  . . . 

32 

24 

9 

(23) 

(37) 

(5) 

65 

Inattention:  Asleep 

18 

78 

6 

(37) 

(58) 

(8) 

102 

Inattention:  Attending  Other  Tasks 

7 

24 

1 

(12) 

(18) 

(2) 

32 

Deficiencies  In  Routine  Driving  Skills 

22 

22 

5 

(18) 

(28) 

(4) 

49 

Illegal  and  Unsafe  Actions 

27 

183 

27 

(86) 

(135) 

(18) 

237 

Misperception  

3 

61 

5 

(25) 

(39) 

(5) 

69 

Miscellaneous  

4 

7 

0 

(4) 

(6) 

(1) 

11 

Total  

278 

437 

57 

772 

Chi-Square  = 303.52 
df  = 16 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 


283 


TABLE  D-8 

Comparison 

of  Precipitating  Factors  and 

Passenger  Car  Accidents  By  State  of  Registration 

(Accident  Data  1952-1953) 

PRECIPITATING 

In 

Out  of 

FACTORS 

Slate 

State 

Total 

Vehicle  Failures 

82 

151 

(84)* 

( 149) 

233 

Failure  to  Cope  W/Obj.  in  Road  . . . . 

46 

58 

(38) 

(66) 

104 

Failure  to  Cope  With  Road  Conditions 

191 

430 

(225) 

(396) 

621 

Inattention:  Asleep 

124 

186 

( 112) 

(198) 

310 

Inattention:  Attending  Other  Tasks  . . 

33 

59 

(33) 

(59) 

92 

Deficiencies  In  Routine  Driving  Skills  . 

112 

204 

( 1 14) 

(202) 

316 

Illegal  and  Unsafe  Actions 

167 

267 

( 157) 

(277) 

434 

Misperception  

69 

119 

(68) 

( 120) 

188 

Miscellaneous 

25 

23 

(17) 

(31) 

48 

Total  

849 

1497 

2346 

Chi-Square  = 19.70 

df  = 8 

Probability  = .02  ( less  than  2 

times  in  100  would  these  deviations 

occur  by  chance 

alone. ) 

'■  Figures  in  parentheses  indicate  number  that  vr 

ould  he  expected  if  oidy  chance  relationship  existed. 
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TABLE  D-9 

Comparison  of  Precipitating  Factors  and 

Truck  Accidents  By  State  of  Registration 

(Accident  Data  1952-1953) 

PRECIPITATING 

In 

Out  of 

FACTORS 

State 

State 

Total 

Vehicle  Failures 

78 

119 

(76)=^ 

( 121 ) 

197 

Failure  to  Cope  W/Obj.  in  Road.  . . . 

4 

6 

(4) 

(6) 

10 

Failure  to  Cope  With  Road  Conditions 

....  33 

32 

(26) 

(39) 

65 

Inattention:  Asleep  

32 

70 

(40) 

(62) 

102 

Inattention:  Attending  Other  Tasks.  . 

8 

24 

(13) 

(19) 

32 

Deficiencies  In  Routine  Driving  Skills. 

20 

29 

( 19) 

(30) 

49 

Illegal  and  Unsafe  Actions 

90 

147 

(93) 

(144) 

237 

Misperception  

33 

36 

(27) 

(42) 

69 

Miscellaneous 

5 

6 

(4) 

(7) 

1 1 

Total  

303 

469 

111 

Chi-Square  = 11.91 

df  =8 

Probability  = .50  (50  times  in 

100  these  deviations  would 

occur 

by  chance  alone. ) 

'^Figures  in  parentheses  indicate  number  that  u 

ould  be  expected  if  only  chance 

■elationship  existed. 
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TABLE  D-10 

Comparison  of  Types  of  Accidents  Experienced  by  Drivers 
From  Nine  States  (Passenger  Cars  and  Trucks) 

(1941-1952  Data) 

STATES 

TYPES  OF 


ACCIDENTS 

Penna. 

N.Y. 

N.J. 

Ohio 

With. 

Ml. 

Ind. 

Md. 

Va. 

Total 

Vehicle  Failures  . . . 

163 

30 

28 

52 

42 

19 

9 

15 

8 

366 

(159)* 

(31) 

(27) 

(68) 

(31) 

(16) 

(13) 

(12) 

(8) 

Failure  to  Avoid 

Objects  in  Road  . 

51 

8 

5 

19 

6 

6 

2 

6 

0 

103 

(45) 

(9) 

(8) 

(19) 

(9) 

(5) 

(4) 

(3) 

(2) 

Failure  to  Cope 

With  Road  Con- 
ditions   

223 

61 

45 

123 

45 

20 

17 

19 

21 

574 

(250) 

(49) 

(43) 

(107) 

(48) 

(26) 

(20) 

(19) 

(12) 

Inattentiveness  .... 

200 

31 

35 

99 

41 

19 

15 

15 

10 

465 

(202) 

(40) 

(35) 

(87) 

(39) 

(21) 

(16) 

(15) 

(10) 

Deficiencies  in 

Routine  Driving 
Skills  

132 

30 

23 

62 

24 

13 

11 

10 

3 

308 

( 134) 

(26) 

(23) 

(58) 

(26) 

(14) 

(11) 

(10) 

(6) 

Illegal  and  Unsafe 

Actions  

257 

46 

35 

100 

46 

31 

30 

17 

8 

570 

(248) 

(49) 

(42) 

(107) 

(48) 

(26) 

(20) 

(19) 

(12) 

Misperception  .... 

103 

19 

26 

33 

17 

10 

9 

5 

5 

227 

(99) 

(19) 

(17) 

(42) 

(19) 

(10) 

(8) 

(8) 

(5) 

Miscellaneous  .... 

30 

3 

1 

1 1 

3 

2 

1 

1 

0 

52 

(23) 

(4) 

(4) 

(10) 

(4) 

(2) 

(2) 

(2) 

(1) 

Total  

1 159 

228 

198 

499 

224 

120 

94 

88 

55 

2665 

Chi-Square  = 68.41 
df  = 56 

Probability  = Not  Significant 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-11 

Comparison 

of  Precipitating  Factors  and 

Passenger  Car  Accidents  By  Sex  of 

Driver 

(Accident  Data  1952-1953) 

PRECIPITATING 

FACTORS 

Female 

Male 

Total 

Vehicle  Failures 

38 

194 

(40)* 

(192) 

232 

Failure  to  Cope  W/Obj.  in  Road  . . . . 

15 

89 

(18) 

(86) 

104 

Failure  to  Cope  With  Road  Conditions 

117 

503 

( 107) 

(513) 

620 

Inattention:  Asleep 

24 

284 

(53) 

(255) 

308 

Inattention:  Attending  Other  Tasks  . . 

13 

79 

(16) 

(76) 

92 

Deficiencies  In  Routine  Driving  Skills  . 

98 

214 

(54) 

(258) 

312 

Illegal  and  Unsafe  Actions 

66 

356 

(73) 

(349) 

422 

Misperception 

26 

161 

(32) 

(155) 

187 

Miscellaneous 

3 

45 

(8) 

(40) 

48 

Total  

400 

1925 

2325 

Chi-square  = 70.94 

df  =8 

Probability  = .001  (less  than  1 

time  in  1000  would 

these  deviations 

occur  by  chance 

alone. ) 

'’'Figures  in  parentheses  indicate  number  that  w 

ould  be  expected  if  only 

chance  relationship  existed. 
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TABLE  D-12 

Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  By  Age  of  Driver 

(Accident  Data  1952-1953) 

PRECIPITATING 


FACTORS 

16-25 

26-35 

36-45 

46-55 

56-over 

Total 

Vehicle  Failures 

81 

62 

39 

29 

20 

(89)* 

(59) 

(38) 

(24) 

(21) 

231 

Failure  to  Cope  W/Obj.  in  Road 

30 

35 

17 

14 

7 

(40) 

(26) 

( 17) 

(11) 

(9) 

103 

Failure  to  Cope  With  Road  Conditions.  . 

225 

177 

102 

61 

51 

(237) 

( 158) 

( 101  ) 

(64) 

(56) 

616 

Inattention:  Asleep 

179 

69 

30 

14 

16 

( 118) 

(79) 

(50) 

(32) 

(28) 

308 

Inattention;  Attending  Other  Tasks.  . . . 

30 

28 

14 

10 

10 

(35) 

(24) 

( 15) 

( 10) 

(8) 

92 

Deficiencies  in  Routine  Driving  Skills.  . . 

128 

61 

58 

25 

39 

(120) 

(80) 

(51  ) 

(32) 

(28) 

311 

Illegal  and  Unsafe  Actions 

140 

102 

77 

54 

43 

(160) 

(106) 

(68) 

(43) 

(38) 

416 

Misperception  

65 

43 

32 

25 

20 

(71  ) 

(47) 

(30) 

(19) 

(17) 

185 

Miscellaneous  

1 1 

14 

8 

9 

5 

(18) 

( 12) 

(8) 

(5) 

(4) 

47 

Total  

889 

591 

377 

241 

211 

2309 

Chi-Square  = 99.41 
df  = 32 

Probability—  .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone. ) 

* Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-13 

Comparison  of  Precipitating  Factors  and 
Truck  Accidents  By  Age  of  Driver 

(Accident  Data  1952-1953) 

PRECIPITATING 


FACTORS 

16-25 

26-35 

36-45 

46-55 

56-over 

Total 

Vehicle  Failures 

40 

92 

47 

14 

2 

(43)=^ 

(89) 

(45) 

(14) 

(4) 

195 

Failure  to  Cope  W/Obj.  in  Road 

2 

3 

2 

2 

1 

(2) 

(5) 

(2) 

(1) 

(0) 

10 

Failure  to  Cope  With  Road  Conditions.  . 

19 

26 

11 

6 

1 

(14) 

(29) 

(15) 

(4) 

(1) 

63 

Inattention:  Asleep  

21 

48 

29 

3 

0 

(22) 

(46) 

(24) 

(7) 

(2) 

101 

Inattention:  Attending  Other  Tasks 

6 

18 

7 

1 

0 

(7) 

(15) 

(7) 

(2) 

(1) 

32 

Deficiencies  in  Routine  Driving  Skills . . . 

11 

20 

7 

2 

3 

(10) 

(20) 

(10) 

(3) 

(1) 

43 

Illegal  and  Unsafe  Actions 

47 

98 

52 

20 

6 

(50) 

(101) 

(52) 

(16) 

(4) 

223 

Misperception  

17 

30 

15 

5 

1 

(15) 

(31) 

(16) 

(5) 

(1) 

68 

Miscellaneous  

3 

4 

4 

0 

0 

(2) 

(5) 

(3) 

(1) 

(0) 

11 

Total  

166 

339 

174 

53 

14 

746 

Chi-Square  = 25.04 
df  = 32 

Probability  = .50  (50  times  in  100  these  deviations  would  occur  by  chance  alone.) 

*Figiires  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  D-14 

Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  By  Estimated  Initial  Speed 

(Accident  Data  1952-1953) 


PRECIPITATING 


FACTORS 

0 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71  -Over 

Total 

Vehicle 

Failures  . . . 

20 

4 

7 

15 

34 

67 

55 

29 

2 

Failure  to  Cope 

(20)* 

(6) 

(7) 

(15) 

(36) 

(65) 

(58) 

(24) 

(3) 

233 

W/Obj.  in 

Road  

1 

0 

1 

3 

10 

31 

40 

18 

0 

Failure  to  Cope 

(9) 

(3) 

(3) 

(7) 

(16) 

(29) 

(26) 

(11) 

(1) 

104 

With  Road 

Conditions  . 

35 

7 

16 

61 

150 

192 

122 

35 

3 

Inattention: 

(53) 

(16) 

(18) 

(41) 

(95) 

(174) 

(155) 

(63) 

(8) 

621 

Asleep  .... 

37 

1 

1 

6 

12 

80 

120 

49 

4 

Inattention: 

(26) 

(8) 

(9) 

(21) 

(47) 

(87) 

(77) 

(31) 

(4) 

310 

Attending 

Other  Tasks 

4 

3 

3 

5 

9 

24 

34 

8 

2 

Deficiencies 

(8) 

(2) 

(3) 

(6) 

(14) 

(26) 

(23) 

(9) 

(1) 

92 

In  Routine 

Driving 

Skills  

14 

3 

6 

19 

37 

106 

90 

37 

4 

Illegal  and 

(27) 

(8) 

(9) 

(21) 

(48) 

(88) 

(79) 

(32) 

(4) 

316 

Unsafe 

Actions  . . . 

76 

38 

26 

30 

63 

97 

69 

31 

4 

(37) 

(12) 

(12) 

(29) 

(66) 

(121) 

( 108) 

(44) 

(6) 

434 

Misperception 

5 

5 

5 

15 

38 

48 

44 

24 

4 

(16) 

(5) 

(5) 

(12) 

(29) 

(53) 

(47) 

(19) 

(2) 

188 

Miscellaneous 

8 

1 

1 

1 

5 

1 1 

1 1 

6 

7 

(4) 

(1) 

(1) 

(3) 

(8) 

(14) 

(13) 

(5) 

(1) 

51 

Total  . . . 

200 

62 

66 

155 

358 

656 

585 

237 

30 

2349 

Chi-Square  = 426.77 
df  = 64 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

*Figtires  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-15 

Comparison  of  Precipitating  Factors  and 
Truck  Accidents  By  Estimated  Initial  Speed 

(Accident  Data  1952-1953) 

PRECIPITATING 


FACTORS 

0 

1-10 

11-20 

21-30 

31-40 

41-50 

5 1 -Over 

Total 

Vehicle  Failures 

38 

1 1 

17 

21 

51 

58 

1 

Failure  to  Cope 

(33)* 

(20) 

( 14) 

(20) 

(49) 

(54) 

(7) 

197 

W/Obj.  in  Road.  . . 

0 

0 

0 

1 

3 

5 

1 

Failure  to  Cope  With 

(2) 

(1) 

(1) 

(1) 

(3) 

(3) 

(0) 

10 

Road  Conditions  . . 

6 

10 

10 

16 

16 

6 

1 

(11) 

(7) 

(5) 

(7) 

(16) 

(18) 

(2) 

65 

Inattention:  Asleep  . . 

12 

0 

3 

9 

24 

46 

8 

Inattention:  Attending 

(17) 

(10) 

(7) 

(10) 

(26) 

(28) 

(4) 

102 

Other  Tasks 

0 

2 

1 

1 

9 

16 

3 

Deficiencies  in  Routine 

(5) 

(3) 

(2) 

(3) 

(8) 

(9) 

(1) 

32 

Driving  Skills 

7 

12 

4 

3 

12 

7 

4 

Illegal  and  Unsafe 

(8) 

(5) 

(4) 

(5) 

(12) 

(13) 

(2) 

49 

Actions  

58 

36 

20 

17 

58 

41 

7 

(40) 

(24) 

(17) 

(24) 

(59) 

(64) 

(9) 

237 

Misperception  

4 

4 

0 

9 

19 

30 

3 

(12) 

(7) 

(5) 

(7) 

(17) 

(19) 

(3) 

69 

Miscellaneous  

4 

4 

0 

1 

1 

0 

1 

(2) 

(1) 

(1) 

(1) 

(3) 

(3) 

(0) 

1 1 

Total  

129 

79 

55 

78 

193 

209 

29 

772 

Chi-Square  = 167.31 
df  = 48 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  D-16 

Comparison  of  Various  Occupational  Groups  According  to 
Frequency  of  Casual  Behaviors 


(1953 

Data) 

OCCUPATIONAL 

GROUP 

CASUAL  FACTOR 

Transp. 

Military 

Housewives 

Retired 

Skilled 

Total 

Vehicle  Failures 

102 

26 

9 

3 

29 

169 

(70)* 

(45) 

(16) 

(5) 

(33) 

Failure  to  Cope  With  Road 

Conditions 

34 

64 

23 

6 

36 

163 

(68) 

(44) 

(15) 

(5) 

(32) 

Inattentiveness 

83 

83 

12 

1 

34 

213 

(88) 

(57) 

(20) 

(6) 

(42) 

Deficiencies  in  Routine  Driving 

Skills  

23 

20 

30 

4 

22 

99 

(41) 

(27) 

(9) 

(3) 

(19) 

Illegal  and  Unsafe  Actions 

107 

38 

11 

7 

37 

200 

(83) 

(54) 

(19) 

(6) 

(39) 

Misperception  

32 

16 

3 

3 

20 

74 

(31) 

(20) 

(7) 

(2) 

(14) 

Intoxication  

8 

5 

1 

2 

5 

21 

(9) 

(6) 

(2) 

(1) 

(4) 

Total  

389 

252 

89 

26 

183 

939 

Chi-Square  = 161.16 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

'^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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APPENDIX  E 

ENVIRONMENTAL  INFLUENCES  ON  ACCIDENT  BEHAVIOR 

CONTINGENCY  TABLES 

Light  Conditions 
Weather  Conditions 
Roadway  Conditions 
Roadway  Element 
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TABLE  E-1 

Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  by  Light  Conditions 

(Accident  Data  1952-1953) 


PRECIPITATING 

Darkness 

Highway 

Darkness 

Highway 

Dusk 

& 

FACTORS 

Daylight 

Unlighted 

lighted 

Dawn 

Total 

Vehicle  Failures 

160 

49 

6 

16 

Failure  to  Cope  W/Obj. 

(141)* 

(71) 

(7) 

(13) 

231 

in  Road 

40 

57 

0 

7 

Failure  to  Cope  With  Road 

(63) 

(32) 

(3) 

(6) 

104 

Conditions 

421 

153 

4 

41 

(377) 

(190) 

(17) 

(35) 

619 

Inattention:  Asleep 

139 

147 

8 

15 

Inattention:  Attending  Other 

(188) 

(95) 

(9) 

(17) 

309 

Tasks 

63 

21 

3 

5 

Deficiencies  In  Routine 

(56) 

(28) 

(3) 

(5) 

92 

Driving  Skills 

213 

83 

4 

16 

(192) 

(97) 

(9) 

(18) 

316 

Illegal  and  Unsafe  Actions . . 

289 

99 

23 

20 

(262) 

(132) 

( 12) 

(24) 

431 

Misperception  

80 

83 

14 

9 

(113) 

(57) 

(5) 

(10) 

186 

Miscellaneous  

17 

25 

4 

2 

(29) 

(15) 

(1) 

(3) 

48 

Total  

1422 

717 

66 

131 

2336 

Ghi-Square  = 196.69 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  E-2 


Comparison  of  Precipitating  Factors  and 
Truck  Accidents  by  Light  Conditions 

(Accident  Data  1952-1953) 


PRECIPITATING 

FACTORS 

Daylight 

Darkness 

Highway 

Unlighted 

Darkness 

Highway 

Lighted 

Dusk 

& 

Dawn 

Total 

Vehicle  Failures  

94 

84 

8 

10 

(94)* 

(81) 

(11) 

(10) 

196 

Failure  to  Cope  W/Obj. 

in  Road  

3 

6 

0 

1 

(5) 

(3) 

(1) 

(0) 

10 

Failure  to  Cope  With 

Road  Conditions 

32 

29 

2 

0 

(30) 

(26) 

(4) 

(3) 

63 

Inattention:  Asleep 

32 

60 

5 

5 

(49) 

(42) 

(6) 

(5) 

102 

Inattention:  Attending 

Other  Tasks 

1 6 

14 

2 

0 

(15) 

(13) 

(2) 

(2) 

32 

Deficiencies  In  Routine 

Driving  Skills 

25 

14 

3 

6 

(23) 

(20) 

(3) 

(2) 

48 

Illegal  and  Unsafe  Actions. 

136 

71 

18 

9 

(113) 

(97) 

(13) 

(12) 

234 

Misperception  

25 

34 

4 

6 

(33) 

(29) 

(4) 

(3) 

69 

Miscellaneous  

5 

4 

1 

1 

(5) 

(5) 

(1) 

(1) 

11 

Total  

368 

316 

43 

38 

765 

Chi-Square  = 53.25 
df  = 24 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone. ) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  E-3 


PRECIPITATING 

Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  by  Weather  Conditions 

(Accident  Data  1952-1953) 

Snow — Sleef 

Clear  Freezing  Rain 

Misty 

FACTORS 

Cloudy 

Raining 

Hail 

Foygy 

Total 

Vehicle  Failures 

204 

21 

4 

3 

(151)* 

(43) 

(33) 

(5) 

232 

Failure  to  Cope  W/Obj. 

In  Road 

90 

9 

0 

4 

(67) 

(19) 

(15) 

(2) 

103 

Failure  to  Cope  With 

Road  Conditions  . . . 

187 

214 

214 

6 

(404) 

(115) 

(89) 

(13) 

621 

Inattention:  Asleep  . . . 

283 

16 

2 

8 

(201) 

(57) 

(44) 

(7) 

309 

Inattention:  Attending 

Other  Tasks 

73 

11 

5 

3 

(60) 

(17) 

(13) 

(2) 

92 

Deficiencies  In  Routine 

Driving  Skills 

210 

64 

38 

4 

(205) 

(58) 

(45) 

(7) 

316 

Illegal  and  Unsafe  Actions.  315 

56 

51 

1 1 

(281) 

(80) 

(62) 

(9) 

433 

Misperception  

116 

38 

23 

11 

(122) 

(35) 

(27) 

(4) 

188 

Miscellaneous  

44 

4 

0 

0 

(31) 

(9) 

(7) 

(1) 

48 

Total  

...  1522 

433 

337 

50 

2342 

Chi-Square  = 1 123.43 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  E-4 


Comparison  of  Precipitating  Factors  and 
Truck  Accidents  by  Weather  Conditions 

(Accident  Data  1952-1953) 


PRECIPITATING 

FACTORS 

Clear 

Cloudy 

Raining 

Snow — Sleet 
Freezing  Rain 

Hail 

Misty 

foggy 

Total 

Vehicle  Failures 

183 

8 

2 

3 

057)* 

(20) 

(14) 

(6) 

196 

Failure  to  Cope  W/Obj. 

In  Road 

8 

0 

1 

1 

(8) 

(1) 

(1) 

(0) 

10 

Failure  to  Cope  With 

Road  Conditions 

17 

15 

29 

1 

(50) 

(6) 

(4) 

(2) 

62 

Inattention;  Asleep 

92 

5 

4 

1 

(82) 

(10) 

(7) 

(3) 

102 

Inattention:  Attending 

Other  Tasks 

27 

5 

0 

0 

(26) 

(3) 

(2) 

(1) 

32 

Deficiencies  In  Routine 

Driving  Skills 

37 

6 

4 

2 

(39) 

(5) 

(3) 

(2) 

49 

Illegal  and  Unsafe  Actions . . 

186 

28 

11 

10 

(189) 

(23) 

(16) 

(7) 

235 

Misperception  

53 

8 

2 

6 

(55) 

(7) 

(5) 

(2) 

69 

Miscellaneous  

10 

1 

0 

0 

(9) 

(1) 

(1) 

(0) 

11 

Total  

613 

76 

53 

24 

766 

Chi-Square  = 242.78 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

*Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


298 


TABLE  E-5 


Comparison  of  Precipitating  Factors  and 
Passenger  Car  Accidents  by  Roadway  Conditions 

(Accident  Data  1952-1953) 


PRECIPITATING 

FACTORS 

Dry 

Wet 

Snow 

Slush 

Icp 

Total 

Vehicle  Failures 

198 

26 

1 

7 

( 121)* 

(50) 

(16) 

(45) 

232 

Failure  to  Cope  W/Obj. 

In  Road 

84 

18 

0 

2 

(54) 

(22) 

(7) 

(20) 

104 

Failure  to  Cope  With 

Road  Conditions 

12 

194 

95 

320 

(325) 

(133) 

(42) 

(121) 

621 

Inattention:  Asleep 

273 

33 

2 

1 

(162) 

(66) 

(21) 

(60) 

309 

Inattention:  Attending 

Other  Tasks 

67 

18 

3 

4 

(48) 

(20) 

(6) 

(18) 

92 

Deficiencies  In  Routine 
Driving  Skills 

164 

84 

19 

47 

(164) 

(67) 

(21) 

(61) 

314 

Illegal  and  Unsafe  Actions  . 

279 

76 

20 

58 

(226) 

(93) 

(29) 

(84) 

433 

Misperception  

106 

47 

16 

18 

(98) 

(40) 

(13) 

(36) 

187 

Miscellaneous  

42 

5 

1 

0 

(25) 

(TO) 

(3) 

(9) 

48 

Total  

1225 

501 

157 

457 

2340 

Chi-Square  = 882.50 
df  = 24 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone.) 

'^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  E-6 

Comparison  of  Precipitating  Factors  ancJ 
Truck  Accidents  by  Roadway  Conditions 

(Accident  Data  1952-1953) 

PRECIPITATING  Snow 


FACTORS 

Dry 

Wef 

Slush 

Ice 

Total 

Vehicle  Failures 

172 

17 

2 

4 

(139)* 

(30) 

(7) 

(19) 

195 

Failure  to  Cope  W/Obj. 

In  Road 

8 

2 

0 

0 

(7) 

(2) 

(0) 

(1) 

10 

Failure  to  Cope  With 

Road  Conditions 

4 

12 

7 

41 

(46) 

(10) 

(2) 

(6) 

64 

Inattention:  Asleep 

87 

13 

1 

1 

(73) 

(16) 

(4) 

(10) 

102 

Inattention:  Attending 

Other  Tasks 

25 

5 

2 

0 

(23) 

(5) 

(1) 

(3) 

32 

Deficiencies  In  Routine 

Driving  Skills 

31 

1 1 

3 

4 

(35) 

(8) 

(2) 

(5) 

49 

Illegal  and  Unsafe  Actions . . 

162 

39 

12 

21 

(166) 

(36) 

(9) 

(22) 

234 

Misperception  

44 

19 

2 

2 

(48) 

(10) 

(3) 

(6) 

67 

Miscellaneous  

10 

1 

0 

0 

(8) 

(2) 

(0) 

(1) 

11 

Total  

543 

119 

29 

73 

764 

Chi-Square  = 327.81 
df  = 24 

Probability  ==  .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

*Fignres  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 
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TABLE  E-7 

Comparison  of  Precipitating  Factors  anci 
Passenger  Car  Accidents  by  Roadway  Element 

(Accident  Data  1952-1953) 


PRECIPITATING 

Straight 

Straight 

Straight 

Curved 

Curved 

Curved 

FACTORS 

Level 

Up 

Down 

Level 

Up 

Down 

Total 

Vehicle  Failures  .... 

78 

30 

73 

7 

1 1 

30 

Failure  to  Cope 

(73)* 

(40) 

(49) 

( 14) 

( 19) 

(34) 

229 

W /Obj.  in  Road.  . 

49 

11 

27 

4 

3 

8 

Failure  to  Cope  With 

(33) 

(18) 

(22) 

(6) 

(9) 

(15) 

102 

Road  Conditions  . 

148 

101 

134 

46 

55 

130 

Inattention; 

( 197) 

( 106) 

(130) 

(37) 

(52) 

(92) 

614 

Asleep  

110 

78 

49 

16 

28 

25 

Inattention: 

Attending 

(98) 

(53) 

(65) 

(19) 

(26) 

(46) 

306 

Other  Tasks 

29 

15 

19 

5 

1 1 

13 

Deficiencies 

In  Routine 

(29) 

(16) 

(20) 

(6) 

(8) 

(14) 

92 

Driving  Skills  .... 

89 

25 

58 

33 

26 

81 

Illegal  and 

(100) 

(54) 

(66) 

(19) 

(26) 

(47) 

312 

Unsafe  Actions  . . 

149 

86 

91 

19 

42 

40 

(137) 

(74) 

(91) 

(26) 

(36) 

( 64 ) 

427 

Misperception  

73 

49 

28 

7 

16 

13 

(60) 

(32) 

(39) 

(11) 

(16) 

(28) 

186 

Miscellaneous  

17 

6 

12 

4 

3 

6 

(15) 

(8) 

( 10) 

(3) 

(4) 

(7) 

48 

Total  

742 

401 

491 

141 

195 

346 

2316 

Chi-Square  = 194.86 
df  = 40 

Probability  = .001  (less  than  1 time  in  1000  would  these  deviations  occur  by  chance 

alone. ) 

’^'Figures  in  parentheses  indicate  number  that  would  he  expected  if  only  chance  relationship  existed. 
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TABLE  E-8 

Comparison  of  Precipitating  Factors  and 
Truck  Accidents  by  Roadway  Element 

(Accident  Data  1952-1953) 


PRECIPITATING 

Straight 

Straight 

Straight 

Curved 

Curved 

Curved 

FACTORS 

Level 

Down 

level 

JJp 

Down 

Total 

Vehicle  Failures  .... 

67 

33 

48 

7 

20 

20 

Failure  to  Cope 

(69)* 

(37) 

(41) 

(7) 

(19) 

(22) 

195 

W/Obj.  in  Road  . 

6 

0 

3 

0 

1 

0 

Failure  to  Cope  With 

(4) 

(2) 

(2) 

(0) 

(1) 

(1) 

10 

Road  Conditions  . 

16 

5 

14 

2 

9 

18 

Inattention: 

(23) 

(12) 

(13) 

(2) 

(6) 

(7) 

64 

Asleep  

38 

37 

12 

2 

6 

7 

Inattention: 

Attending 

(36) 

(20) 

(21) 

(3) 

(10) 

(11) 

102 

Other  Tasks 

1 1 

5 

8 

2 

3 

3 

Deficiencies 

In  Routine 

(11) 

(6) 

(7) 

(1) 

(3) 

(4) 

32 

Driving  Skills  .... 

19 

7 

4 

1 

3 

14 

Illegal  and 

(17) 

(9) 

(10) 

(2) 

(5) 

(5) 

48 

Unsafe  Actions  . . 

87 

36 

54 

7 

28 

20 

(82) 

(44) 

(49) 

(8) 

(22) 

(26) 

232 

Misperception  

21 

22 

15 

4 

3 

3 

(24) 

(13) 

(14) 

(2) 

(7) 

(8) 

68 

Miscellaneous  

6 

1 

2 

1 

0 

1 

(4) 

(2) 

(2) 

(0) 

(1) 

(1) 

11 

Total  

271 

146 

160 

26 

73 

86 

762 

Chi-Square  = 98.65 
df  =40 

Probability  = .01  (less  than  1 time  in  100  would  these  deviations  occur  by  chance 

alone.) 

^Figures  in  parentheses  indicate  number  that  would  be  expected  if  only  chance  relationship  existed. 


302 


APPENDIX  F 


1.  SAMPLE  ACCIDENT  REPORT 

2.  SAMPLE  CODE  SHEETS 

3.  SAMPLE  WORK  SHEET 

4.  SAMPLE  BUSINESS  MACHINE  CARDS 

5.  RADAR  SPEED  SURVEY 


> 


INTRODUCTION 


The  majority  of  all  data  used  for  this  research  project  was  extracted  from  Pennsyl- 
vania State  Police  Accident  Reports.  Over  9000  accident  reports  covering  Pennsyl- 
vania Turnpike  accidents  from  1941-1953  were  coded  into  business  machine  cards. 
The  following  sample  accident  report,  code  sheet,  work  sheet,  and  sample  business 
machine  cards  will  serve  to  illustrate  both  the  data  and  the  method  employed  to 
reduce  it  to  a workable  level. 

It  will  be  noted  that  all  80  columns  of  the  standard  business  machine  card  were 
utilized  in  coding  46  points  of  information  relative  to  each  accident. 

The  first  21  items  (38  columns)  on  each  card  were  used  for  information  rela- 
tive to  the  accident  generally.  The  remaining  25  items  contain  specific  information 
relative  to  each  vehicle  involved  in  the  accident. 
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FORM  SPQF-M — 1-8-52— 200,000 

COMMONWEALTH  OF  PENNSYLVANIA 

PENNSYLVANIA  STATE  POLICE 


ACCIDENT 

INVESTIGATION 

REPORT 


DATE  NO....  0000 

SQUADRON  2 TWOOP  B,.  STATION  . 


INVESTIGATED  BY  John  Low PZC. 

(NAMCI 


ACCIDENT 

CITY  OCCURRED  IN 


(CITY  OR  BOROUGH  ONLY) 


miles  north 
miles  south 


MILES  EAST 

270.4  MILES  WEST 


Q CENTER  OF 

LIMITS  OF  . - Gotewoy 


(CITY  OR  TOWN  ) 


Lononstor 

( COUNTY ) 


Penno. 

( TOWNSHIP  I 


ACCIDENT  n « . ^ .■ 

OCCURRED  ON  rfinosylvoRja  TurnptJce 

(NAME  OF  STREET  OR  HIGHWAY  NO..  ETC.— IF  NO  HIGHWAY  NUMBER.  IDENTIFY  BY  NAME) 


AT  INTER- 
SECTION WITH 


(NAME  OF  STREET  OR  HIGHWAY  NO..  ETC.  — IF  NO  HIGHWAY  NUMBER.  IDENTIFY  BY  NAME) 


OR 

NOT  AT 

INTERSECTION  300 


FEET  NORTH 
FEET  SOUTH 
FEET  EAST 
FEET  WEST 


Mile  Post  270.4 

(STATION  MARKER.  INTERSECTION.  CITY  OR  TOWN  I 


TYPE 

FATAI. 

INJURY 

None 

PROPERTY  DAMAGE  $ 

E25Djnr 

PEDESTRIAN  INJURY 

PRDEBIR4AN  DEATH 

OTHM 

TIRIE  OF  ACCIDENT  ( E S.T  ) 

THi  ^iiK  Saturday. . 

DATE  . 4*11^53 

IS  • • • 

HOUR  AM.  2!lC 

• - - P M. 

ACCIDENT 

INVOLVED 


l-FEDESTRIAN 


3-R  R.  TRAIN 


A-STREET  CAR 


5-BICYCLE 


T-FIXED  OBJECT 


6-RAN  OFF  ROADWAY 


9-ANIMAL  DRAWN  VEHICLE 


10— OVERTURNED  ON  ROADWAY 


12— OTHER 


1949  Son  Na.XXXXXX 

(YEAR)  (MAKE)  (TYRE)  ( MANUFACTURER  9 NO.) 


rscIStLt.on  1952  XXXXXX  K.J. 


( YEAR ) 
FARTS  OF 


TION  NoIM 

NUMBER)  (STATE)  (STICKER  # ) ( D A TE  I SS  U E D )(  STATI  ON  # 


GOING  West  - ■ ON  Penno.  Turnpike  ■ ■ VEHICLE  DAMAGED  Right  Front  Fender,- Headlight,  Rodiotor 

(N  , E , PARKED  STOPPED  ETC.)  (STREET.  HIGHWAY  NO.  ETC.) 


DRIVEN  BY  John  X 171  X Street^  .Trenton,  .N.  J-. 


U/S 


AMOUNT  S 250f0Q 

OCCUPATION  Unemployed 


NATIONALITY  - 

I NAME ) ( ADDRESS ) 

35  SEX  Mole  E°,«mENCE  18  Yrs.  200,000  uc£n"e*  N.J.  XXXXXX  numVee  XXXXXX  1953 

(YEARS  a MILEAGE)  (STATE)  (NUMBER) 


( DATE  ISSUED  I 


OWNED  BT  Some  OS  Operator 

( NAME ) 

DISTANCE  DANCER  ESTIMATED  ESTIMATED  SPEED  DISTANCE  VE- 

OF  ACCIDENT  WAS  SPEED  AT  ^ AT  MOMENT  HICLE  TRAVELED 

FIRST  NOTICED  • 5U  THAT  TIME  OO  OF  ACCIDENT  4S  - AFTER 

(FEET)  IMP.H.)  IMP.H.)  (FEET)  (MP.H.)  (M.P.H.) 


{ADDRESS) 

MAXIMUM  SAFE 
LAWFUL  .A  SPEED  UNDER  CON- 


VEHICLE  REMOVED  TO 


WAS  VEHICLE  DRIVEABLE!  . 


□ ' 


ABC  Auto  Garage 


REMOVAL  AUTHORIZED 


THAVbLfcD  1 l-ATVr-Ut.  St-KK-U  U P«  U C K ^ 

IMPACT  100  SPEED  • DITIONS  PREVAILING  U 

(MP.H.) 

TOWED  BY  Authorized  Service 

John  Low  P2C 


VEHICLE 

REG.9TRATION 


1946  Truck  No,  XXXXXX 

(YEAR)  (MAKE)  (TYPE)  (MANUFACTURERS  NO  ) (YEAR) 

West  „ Penno.  Turnpike  parts  of 

GOING  ON  • ' ~ . . VEHICLE  DAMAGED 

(N.  E . PARKED.  STOPPED.  EVC.)  (STREET,  HIGHWAY  NO  , ETC  ) 


XXXXXX  Po. 

’ I I NUMBER  ) 

None 


"o"'''  XXXXXX  1-14-54  XXX 

(STATE)  (STICKER  K DATE  I SSU  ED  )(  STATION  # 


None 


DRIVEN  BY  B.i.lJ.Y.  H.orrjsixjrQ,  Po.*  ,,  nationality • ■ U/S.  . 

(NAME)  lAODRESSi 

AGE  26  SEX  MaJe  ^p^'IencB  yts.  100,000  ^CEN^^^  Pa.  XXXXXX 

(YEARS  a MILEAGE)  (STATE)  (NUMBER) 

X2X  CqoI  Cd.  Stixtown,.  Pa. 


AMOUNT  S 

Truck  Driver 


OCCUPATION 

ru^mVer  XXXXXX  1953 

(DATE  ISSUED) 


OWNED  BY 

DISTANCE  danger 
OF  ACCIDENT  WAS  Q 
FIRST  NOTICED  . . 

(FEET) 

VEHICLE  REMOVED  TO 

WAS  VEHICLE  DRIVEABLE? 


( NAME  I 
ESTIMATED 
SPEED  AT 


(ADDRESS) 

MAXIMUM  SAFE 


ESTIMATED  SPEED  DISTANCE  VE- 

4C  AT  MOMENT  eg  HICLE  TRAVELED  1 AA  LAWFUL 

THAT  TIME  OF  ACCIDENT  . ..  AFTER  IMPACT  •▼V  SPEED  DITIONS  PREVAILING 

(MP.H.)  (M.PM)  (FEET)  (MP.H.)  (M.P.H.) 

Driven  from  scene 


TOWED  BY 


'CS 


REMOVAL  AUTHORIZED  BY- 


( YEAR 
GOING 


VEHICLE 

REGISTRATION 

I (MAKE)  (TYPE)  (MANUFACTURERS  NO.)  (YEAR) 

PARTS  OF 

ON • - VEHICLE  DAMAGED 

E , PARKED  STOPPED.  ETC  ) (STREET,  HIGHWAY  NO  . ETC.) 


( NUMBER  > 


IN8PEC- 

TION  

(STATE)  (STICKER  # ) ( DATE  ISSUED  )(  STATION  # 


AMOUNT  S 


DRIVEN  BY 


NATIONALITY OCCUPATION 


( ADDRESS ) 


DRIVING 

EXPERIENCE 


(YEARS  a MILEAGE) 


DRIVER  S PLATE 

LICENSE NUMBER 

(STATE)  (NUMBER) 


(DATE  ISSUED) 


OWNED  BY 

DISTANCE  DANGER 
OF  ACCIDENT  WAS 
FIRST  NOTICED 


( NAME ) 
ESTIMATED 
SPEED  AT 
THAT  time 


ESTIMATED  SPEED 
AT  MOMENT 
OF  ACCIDENT  . ■ • . 


DISTANCE  VE- 
HICLE TRAVELED 
AFTER  IMPACT  • 


( FEET) 

VEHICLE  REMOVED  TO  - 


( M P H.  ) < FEET) 

TOWED  BY 


(ADDRESS) 

MAXIMUM  SAFE 

LAWFUL  SPEED  UNDER  CON- 

SPEED DITIONS  PREVAILING 

( M P.M,  ) (M.P.H.  ) 


WAS  VEHICLE  DRIVEABLE! 


□ ■ 
□ ' 


REMOVAL  AUTHORIZED  BY 
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Accident  Report  Ne.OOOO 
4-11-53  “B'’-2 
Reading,  Pa. 


FORM  SPGF-94A — 1.8-52 — 100,000 

PEDESTRIAN;  WAS  coins  


PEDESTRIAN  ACTIONS 

□ 

0 ACROSS PROM TO 

OIRCCTION  (N..  K..  BTC.)  (ST.  NAME.  HIGHWAY  NO.)  I 9 E.  CORNER.  TO  N.E.  CORNER.  OR  WEST  SIDE  TO  EAST  SIDE.  ETC.) 


IF  AT  INTERSECTION  WERE  Q YES  WAS  PEDESTRIAN  INSIDE  MARKINGS  0 YES  LICENSED  0 YES  NATIONALITY  OCCU- 

CROSSWALKS  MARKED?  0 NO  OR  EXTENTIONS  OF  SIDEWALK  LINES?  0 NO  OPERATOR  0 NO  OR  RACE RATION. 


(CHECK  ONE) 


6.  COMING  FROM  BEHIND  PARKED  CARS 


12.  GETTING  ON  OR  OFF  OTHER  VEHICLE 


1.  CROS9II4G  AT  INTERSECTION  WITH  SIGNAL 


7.  WALKING  IM  ROADWAY 


13.  WORKING  IN  POAOWAY 


2.  SAME-AGAINST  SIGNAL 


e.  WITH  TRAFFIC  SIDEWALKS  AVAILABLE  . . 


14.  PLAYING  IN  ROADWAY 


3.  SAME-NO  SIGNAL 


S.  WITH  TRAFFIC  SIDEWALKS  NOT  AVAILABLE 


IS.  HITCHING  ON  VEHICLE 


4.  SAMC'DIAGONALLY 


lO.  AGAINST  TRAFFIC  SIDEWALKS  AVAILABLE 


16.  LYING  IN  ROADWAY 


9.  CROSSING  NOT  AT  INTERSECTION 


II.  AGAINST  TRAFFIC  SIDEWALKS  NOT  AVAILABLE 


17.  NOT  IN  ROADWAY  (EXPLAIN  IN  SUMMARY) 


WHAT  DRIVERS  WERE  DOING 


1 

2 

3 

(CHECK  ONE  FOR  EACH  DRIVER) 

I 

2 

3 

(CHECK  ONE  FOR  EACH  DRIVER) 

I 

2 

3 

(CHECK  ONE  FOR  EACH  DRIVER) 

X 

X 

1.  GOING  STRAIGHT  AHEAD 

6. 

aTARTING  FROM  TRAFFIC  LANE 

11.  RAN  OFF  ROADWAY 

2. 

MAKING  RIGHT  TURN 

7. 

STARTING  FROM  PARKED  POSITION 

(CHECK  APPLICABLE  ITEMS) 

3. 

MAKING  LEFT  TURN 

e. 

STOPPED  IN  TRAFFIC  LANE 

X 

X 

t.  OVERTAKING 

4. 

MAKING  '-U"  TURN 

9. 

PARKED 

2.  AVOIDING  VEH.,  OBJ.,  OR  PEDE9T. 

8. 

SLOWING  OR  STOPPING 

lO. 

BACKING 

3.  SKIDDING 

VIOLATIONS  INDICATED 


I 

2 

3 

(CHECK  ONE  OR  MORE  FOR  EACH  VEHICLE) 

1 

2 

3 

(CHECK  ONE  OR  MORE  FOR  EACH  VEHICLE) 

1.  EXCEEDING  LAWFUL  SPEED 

16.  DISREGARDED  WARNING  SIGN  OR  SIGNAL 

2.  DiD  NOT  HAVE  RIGHT  OF  WAY 

17.  IMPROPER  STARTING  FROM  PARKED  POSITION 

3.  ON  WRONG  SIDE  OF  ROAD 

IS.  IMPROPER  PARKING  LOCATION 

4.  DROVE  THRU  SAFETY  TONE 

19.  OTHER  IMPROPER  ACTION 

B.  PASSING  STANDING  STREET  CAR 

X 

20.  NO  IMPROPER  DRIVING  INDICATED 

6.  PASSING  ON  HILL 

X 

21.  TOO  FAST  FOR  CONDITIONS  (A$l#®p) 

7.  PASSING  ON  CURVE 

22.  FOLLOWING  TOO  CLOSE 

e.  CUTTING  IN 

23.  DRIVING  IN  CENTER  OF  ROADWAY 

9.  FAILURE  TO  SIGNAL,  IMPROPER  SIGNAL 

24.  HIT  AND  RUN 

lO.  IMPROPER  TURN— WIDE  RIGHT  TURN 

EXPLAIN  OTHER  VIOLATIONS:  

11.  same-cut  CORNER  ON  LEFT  TURN 

12.  SAME-TURNED  LEFT  FROM  WRONG  LANE 

13.  DISREGARDED  POLICE  OFFICER  (EXPLAIN) 

14.  DISREGARDED  STOP-AND<GO  LIGHT 

IS.  DISREGARDED  STOP  SIGN  OR  SIGNAL 

CONDITION  OF  DRIVER  OR  RED 

E8TRIAN 

2 

3 

PED 

(CHECK  ONE  OR  MORE) 

1 

2 

3 

PED 

(CHECK  ONE) 

1.  PHYSICAL  DEFECT  (EYESIGHT  ETC.) 

X 

X 

1.  HAD  NOT  BEEN  DRINKING 

2 ILL 

2.  HAD  BEEN  DRINKING.  IF  SOi 

3.  FATIGUED 

3.  OBVIOUSLY  DRUNK 

X 

4.  APPARENTLY  ASLEEP 

4.  ABILITY  IMPAIRED 

S.  OTHER  HANDICAPS 

S.  ABILITY  NOT  IMPAIRED 

X 

6.  APPARENTLY  NORMAL 

6.  NOT  KNOWN  WHETHER  IMPAIRED 

X 

7.  WEARING  GLASSES 

ALCOHOL  TESTS-TVPE 

RESULTS.  AND  BY  WHOM  GIVEN:  

EXPLAIN  CON 

Fi,.  F-2 
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ACCIDENT  SUMMARY 


Opr.Veh.No.1  entered  Turnpike  at  Valley  Forge  4-11-53,  1:10  P.M.,  Ticket  No.  xxxxxx.  Class  , enroute  from  New  Jersey 
to  Pittsburgh.  Insurance  Company  not  known  at  this  time.  Average  speed  50  m.p.h. 

Opr.Veh.No.2  entered  Turnpike  ot  Reading  Interchange  4-11-53,  1:55  P.M.,  Ticket  No.  xxxxxx.  Class  No. 2,  enroute  from 
Reading  to  Pittsburgh.  Insurance  Company  not  known  at  this  time.  Average  speed  60  m.p.h. 


NOTE; USE  additional  sheet  of  plain  white  paper  for  -accident  summary*  as  set  forth  in  general  order  no.  13-E.  paragraphs  3 AND  4 

ALSO  ATTACH  ALL  APPENDAGES  IN  ACCORDANCE  WITH  THESE  INSTRUCTIONS. 
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Pig. 


Accident  Report  No.  0000 
4-11-53  “B”— 2 
Reading,  Pennsylvania 


ACCIDENT  SUMMARY 


No  disinterested  witnesses. 

Sfafement  of  operator  of  vehicle  No.  1: 

“I  was  heading  West  on  the  Turnpike  at  about  50  M.P.H.  I got  on  the  Pike 
at  Valley  Forge  and  had  been  driving  along  about  an  hour  or  an  hour  and  a half 
before  the  accident.  I don’t  know  what  caused  me  to  hit  the  truck — I was  pretty 
tired.  I’ve  driven  on  the  Turnpike  about  five  (5)  times  before  this.” 


Statement  of  operator  of  vehicle  No.  2: 

“I  was  traveling  West  on  the  Turnpike  at  about  45  M.P.H.  I got  on  the  Turn- 
pike at  Reading  and  had  been  driving  about  half  an  hour  before  I was  hit.  I noticed 
in  my  rear-view  mirror  that  a car  was  coming  up  behind  me  weaving  badly  and  I got 
way  over  near  the  edge  of  the  road  to  get  out  of  his  way,  but  he  hit  me  anyway.  I’ve 
driven  on  the  Turnpike  about  seven  (7)  times  before.” 


Statement  of  Investigating  Officer: 

“It  is  this  officer’s  opinion  that  the  accident  occurred  as  stated  above  and  that 
the  operator  of  vehicle  No.  1 fell  asleep.  Due  to  the  lack  of  witnesses  to  this  accident, 
operator  of  vehicle  No.  1 is  not  being  held  for  disciplinary  action.” 

John  Law,  P2C 


Fig.  F-3 
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ACCIDENT  CODE  SHEET 


Item 


No. 

Item 

Code 

1 

Report  Number 

Record  4 digit  Number 

2 

Day  of  Week 

1 

Sunday 

2 

Monday 

3 

Tuesday 

4 

Wednesday 

5 

Thursday 

6 

Eriday 

7 

Saturday 

3 

Month 

01 

January 

02 

February 

03 

March 

04 

April 

05 

May 

06 

June 

07 

July 

08 

August 

09 

September 

10 

October 

11 

November 

12 

December 

4 

Day 

Record  the  Date — 2 Digits 

5 

Year 

Record  last  two  digits  of  Year 

6 

Hour 

01 

Between  1 2 and  1 

02 

” 1 ” 2 

03 

2 ” 3 

04 

3 ” 4 

05 

4 ” 5 

06 

5 ” 6 

07 

6 ” 7 

08 

7 ” 8 

09 

8 ” 9 

10 

9 ” 10 

1 1 

10  ” 11 

12 

” 11  ” 12 

7 

AM  or  PM 

I 

AM 

2 

PM 

8 

Milepost 

Record  nearest  milepost  num- 

Location 

ber — ( 3 and  1 for  decimal ) 

9 

Place 

01 

Main  Line,  Normal 

02 

Same,  Minor  Bridge 

03 

Same,  Major  Bridge 

04 

Same,  Tunnel  Approach 

05 

Same,  Tunnel  Portal 

06 

Same,  Within  Tunnel 

07 

Same,  Interchange  Area 

08 

Same,  Gas  Station  Area 

Item 

No.  Item 


9 Place 

(Continued) 


10  Contributing 
Influence 


1 1 Types  of 
Vehicles 


1 2 Number  of 

Vehicles 

13  Direction  of 

Vehicles 


Code 

09  Deceleration  Lane,  Inter- 

change 

10  Interchange  Ramps 

1 1 At  Toll  Booths 

1 2 Acceleration  Lane,  Inter- 

change 

13  Deceleration  Lane,  Gas 

Station 

14  Inside  Gas  Station 

15  Acceleration  Lane,  Gas 

Station 

16  Not  on  Turnpike 

17  Collision  With  Bifurcation  at 

Interchange 

18  Collision  With  Bifurcation  at 

Gas  Station 

0 None 

1 Unknown 

2 Unknown  Vehicle  not 

Involved  in  Accident 

3 Known  Vehicle  not 

Involved  in  Accident 

01  Motorcycle  Only 

02  Passenger  Car  only 

03  Commercial  only 

04  Bus  only 

05  Motorcycle  and  Passenger 

Car 

06  Motorcycle  and  Commercial 

07  Motorcycle  and  Bus 

08  Passenger  Car  and 

Commercial 

09  Passenger  Car  and  Bus 

10  Commercial  and  Bus 

1 1 Motorcycle,  Passenger  Car 

and  Commercial 

12  Motorcycle,  Passenger  Car 

and  Bus 

1 3 Motorcycle,  Commercial 
and  Bus 

14  Passenger  Car,  Commercial 

and  Bus 

15  Motorcycle,  Passenger  Car, 

Commercial  and  Bus 

Report  Number — 1 digit 


1 Eastbound  only 

2 Westbound  only 

3 Eastbound  and  Westbound 
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Item 

No. 

Item 

Code 

13 

Direction  of 

4 Approaching  or  Entering 

Vehicles 

Turnpike 

(Continued) 

5 Leaving  Turnpike 

6 Approaching  or  Leaving  Toll 

Booth 

7 Eastbound  and  U Turn 

8 Westbound  and  U Turn 

9 Eastbound  and  Westbound 

and  U 1 urn 
0 North  or  South 


14 

15  Adjusted 
Milepost 
Location 

( 3 and  1 for 
decimal ) 

16  Fatalities  Record  Total  No.  of 

Fatalities — 2 Digits 

17  Injuries  Record  Total  No.  of  Injuries- 

2  Digits 

18  Presence  of  1 Yes 

Witnesses  2 No 

19  Weather  1 Clear 

Conditions  2 Cloudy 

3 Misty 

4 Foggy 

5 Raining 

6 Sleeting 

7 Freezing  Rain 

8 Flailing 

9 Snowing 
0 Unknown 

20  Light  Conditions  1 Daylight 

2 Dusk 

3 Dawn 

4 Daylight,  Lighted  Tunnels 

5 Darkness,  Lighted  Tunnels 

6 Darkness,  Highway  Lighted 

7 Darkness,  Highway 

Unlighted 

8 Darkness,  Lights  Unknown 

9 Unknown 

21  Roadway  01  Dry,  Unknown 

Conditions  02  Dry,  Solid 

03  Dry,  Soft 

04  Wet,  Unknown 


Item 

No. 

Item 

Code 

21 

Roadway 

05 

Wet,  Solid 

Conditions 

06 

Wet,  Soft 

( Continued ) 

07 

Snowy,  Cindered 

08 

.Snowy,  Uncindered 

09 

Snowy,  Unknown  Cinders 

10 

Icy,  Cindered 

1 1 

Icy,  Uncindered 

12 

Icy,  Unknown  Cinders 

13 

Slushy 

14 

Unknown 

22 

Year  of  Manu- 

Record Last  Two  Digits  of 

facture  of 

Year 

Vehicle 

23 

Type  of  Vehicle 

1 

Motorcycle 

2 

Passenger  Car 

3 

Passenger  Car  and  Trailer 

4 

Truek 

5 

Tractor,  Semi-Trailer 

6 

Truck  Tractor,  Full  Trailer 

7 

Bus 

8 

Pedestrian 

9 

Tractor 

0 

Unknown 

24 

State  of 

01 

Alabama 

Registration 

02 

Arizona 

and 

03 

Arkansas 

30 

State  of  Issue  of 

04 

California 

License  of  05  Colorado 

Residence  06  Connecticut 

07  Delaware 

08  Florida 

09  Georgia 

10  Idaho 

1 1 Illinois 

12  Indiana 

1 3 Iowa 

14  Kansas 

15  Kentucky 

16  Louisiana 

17  Maine 

18  Maryland 

19  Massachusetts 

20  Michigan 

21  Minnesota 

22  Mississippi 

23  Missouri 

24  Montana 

25  Nebraska 

26  Nevada 

27  New  Hampshire 

28  New  Jersey 

29  New  Mexico 

30  New  York 


313 


Item 

Item 

No. 

Item 

Code 

No. 

Item 

Code 

30 

State  of  Issue  of 

31 

North  Carolina 

29 

Driving  Experi- 

5 

25,000  to  49,999 

License  of 

32 

North  Dakota 

ence — Miles 

6 

50,000  to  99,999 

Residence 

33 

Ohio 

(Continued) 

7 

100,000  to  249,999 

(Continued) 

34 

Oklahoma 

8 

250,000  to  499,999 

35 

Oregon 

9 

500,000  or  More 

36 

Pennsylvania 

0 

Unknown 

37 

Rhode  Island 

38 

South  Carolina 

30 

See  24 

39 

South  Dakota 

40 

Tennessee 

31 

Distance  Trav- 

Record  as  Shown — 3 Digits 

41 

Texas 

eled  Before 

42 

Utah 

Collision 

43 

Vermont 

44 

Virginia 

32  Estimated  Initial 

Record  Speed  as  Shown — 

45 

Washington 

Speed 

2 Digits 

46 

West  Virginia 

47 

Wisconsin 

33 

Speed  at  Time 

Record  Speed  as  Shown — 

48 

Wyoming 

of  Accident 

2 Digits 

49 

District  of  Columbia 

50 

Foreign 

34 

Maximum  Safe 

Record  Speed  as  Shown — 

51 

Unregistered 

Speed  Under 

2 Digits 

Prevailing 

25 

Estimated  Dam- 

01 

$ 0 to  $ 25 

Conditions. 

age  to  Vehicle  02 

25  to  50 

and  Cargo 

03 

50  to  99 

35 

Fatalities 

Number  of  Fatalities  in  Car 

04 

100  to  999 

— 2 Digits 

05 

1,000  to  1,999 

06 

2,000  to  2,999 

36 

Injuries 

Number  of  Injuries  in  Car — 

07 

3,000  to  3,999 

2 Digits 

08 

4,000  to  4,999 

09 

5,000  to  5,999 

37 

Unsafe  Action — 

-01 

Defective  Tires 

10 

6,000  to  6,999 

Secondary 

02 

Defective  Brakes 

1 1 

7,000  to  7,999 

03 

Defective  Lights 

12 

8,000  to  8,999 

04 

Defective  Steering 

13 

9,000  to  9,999 

05 

Other  Mechanical  Failure 

14 

1 0,000  and  Over 

06 

Lost  Control 

15 

Unknown 

07 

Improper  Parking 

08 

Improper  Start  from  Parked 

26 

Age  of  Driver  or 

Record  the  Age — 2 Digits 

Position 

Pedestrian 

09 

Failure  to  Signal 

10 

Improper  Signal 

27 

Sex  of  Driver 

1 

Female 

1 1 

Disregarding  Sign 

") 

Male 

12 

Failure  to  Yield  Vi  Roadway 

13 

Failure  to  Pass  Clearly 

28 

Driving  Experi- 

1 

Less  than  3 Months 

14 

Cutting  in  After  Passing 

ence — Years 

2 

3 Months  to  6 Months 

15 

Passing  on  Right 

3 

6 Months  to  1 Year 

16 

Exceeding  Lawful  Speed 

4 

1 Year  to  3 Years 

( Maximum ) 

5 

3 Years  to  5 Years 

17 

Exceeding  Lawful  Speed 

6 

5 Years  to  10  Years 

( Reducing  Zone) 

7 

10  Years  and  Over 

18 

Unsafe  Speed  for  Roadway 

Conditions 

29 

Driving  Experi- 

1 

Less  than  1,000 

19 

Unsafe  Speed  for  Weather 

ence — Miles 

2 

1,000  to  4,999 

Conditions 

3 

5,000  to  9,999 

20 

Unsafe  Speed  for  Vehicle 

4 

10,000  to  24,999 

Conditions 

314 


Item 

Item 

No. 

Item 

Code 

No. 

Item 

Code 

37 

Unsafe  Action — 

21 

Unsafe  Speed  for  Driver 

41 

Number  of  Trips 

4 

Less  than  5 

Secondary 

Conditions 

Over  Turnpike 

5 

5 to  10  Trips 

(Continued) 

22 

Unsafe  Speed  for  Traffic 

(Continued) 

6 

10  to  20  Trips 

Conditions 

7 

More  than  20  Trips 

23 

Skidding 

0 

Unknown 

24 

Cutting  Out  in  Front  of 

Vehicle 

42 

Driven  Distance 

1 

Less  than  10  Miles 

25 

Fire  Only 

— Miles 

2 

10  Miles  to  50  Miles 

26 

Unknown 

3 

50  Miles  to  100  Miles 

27 

No  Unsafe  Action 

4 

100  Miles  to  150  Miles 

28 

Crowding 

5 

150  Miles  to  200  Miles 

29 

Crowded 

6 

200  Miles  to  250  Miles 

7 

250  Miles  to  300  Miles 

38 

Unsafe  Personal  01 

Unpracticed  or  Unskilled 

8 

300  Miles  to  500  Miles 

Factors 

02 

Illness 

9 

500  Miles  or  More 

03 

Fatigued 

0 

Unknown 

04 

Apparently  Asleep 

05 

Asleep 

43 

Driven  Time — 

06 

Defective  Eyesight 

Hours 

1 

Less  than  1 Hour 

07 

Defective  Hearing 

2 

1 Hour  to  2 Hours 

08 

Defective  Speech 

3 

2 Hours  to  4 Hours 

09 

Defective  Arms  or  Hands 

4 

4 Hours  to  6 Hours 

10 

Defective  Legs  or  Feet 

5 

6 Hours  to  8 Hours 

11 

Existing  Heart  Ailment 

6 

8 Hours  to  12  Hours 

12 

Existing  Other  Organic 

7 

12  Hours  to  16  Hours 

Weakness 

8 

1 6 Hours  or  More 

13 

Drinking 

0 

Unknown 

14 

Intoxicated 

15 

Use  of  Narcotics 

44 

Unsafe  Action — 

01 

Defective  Tires 

16 

Drugged 

Primary 

02 

Defective  Brakes 

17 

Unknown 

03 

Defective  Lights 

18 

No  Unsafe  Personal  Factor 

04 

Defective  Steering 

05 

Other  Mechanical  Failure 

39 

Roadway 

01 

Straight  Level 

06 

Lost  Control 

Element 

02 

Straight  Up-grade 

07 

Improper  Parking 

03 

Straight  Hillcrest 

08 

Improper  Start  from  Parked 

04 

Straight  Down-grade 

Position 

05 

Straight  Valley 

09 

Failure  to  Signal 

06 

Right  Curve  Level 

10 

Improper  Signal 

07 

Right  Curve  Up-grade 

1 1 

Disregarding  Sign  or  Signal 

08 

Right  Curve  Hillcrest 

12 

Failure  to  Yield  V2  Roadway 

09 

Right  Curve  Down-grade 

13 

Failure  to  Pass  Clearly 

10 

Right  Curve  Valley 

14 

Cutting  in  After  Passing 

11 

Left  Curve  Level 

15 

Passing  on  Right 

12 

Left  Curve  Up-grade 

16 

Exceeding  Lawful  Speed 

13 

Left  Curve  Hillcrest 

( Maximum ) 

14 

Left  Curve  Down-grade 

17 

Exceeding  Lawful  Speed 

15 

Left  Curve  Valley 

( Reducing  Zone ) 

16 

Unknown 

18 

Unsafe  Speed  for  Roadway 

Conditions 

40 

Did  Driver  Give 

1 

Yes 

19 

Unsafe  Speed  for  Weather 

Statement? 

2 

No 

Conditions 

20 

Unsafe  Speed  for  Vehicle 

41 

Number  of  Trips  1 

One  Trip 

Conditions 

Over  Turnpike  2 

Two  Trips 

21 

Unsafe  Speed  for  Driver 

3 

Three  Trips 

Condition 

315 


Item 

No.  Item  Code 


Item 

No.  Item  Code 


44 


Unsafe  Action — 22 
Primary 

(Continued)  23 

24 

25 

26 

27 

28 
29 


Unsafe  Speed  for  Traffic 
Conditions 
Skidding 

Cutting  Out  in  Front  of 
Vehicle 
Fire  Only 
Unknown 
No  Unsafe  Action 
Crowding 
Crowded 


45  Type  of  Accident  1 


3 

4 

5 

6 

7 

8 
9 


46  How  Vehicle  or  01 
Pedestrian  02 
Was  Involved 

03 

04 

05 

06 


07 

08 


Collision  with  Pedestrian 
Same,  with  other  Motor 
Vehicle 

Same,  with  Animal  or  Bird 
Same,  with  Fixed  Object 
on  Roadway 
Same,  with  Other  Object 
on  Roadway 

Non-Collision,  Overturning 
Non-Collision,  Running  Off 
Roadway 

Other  Non-Collision 
Accident 

Other  Non-Classified 
Accident 

Pedestrian  Struck  by  Vehicle 
Motor  Vehicle  Striking 
Pedestrian 

Being  Struck  in  Rear 
Striking  Vehicle  in  Rear 
Legally  Stopped,  Stopping 
or  Parked 

Striking  Legally  Parked, 
Stopped  or  Stopping 
Vehicle 

Illegally  Stopped,  Stopping 
or  Parked 

Striking  an  Illegally  Parked, 
Stopping  or  Stopped 
Vehicle 
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How  Vehicle  or 
Pedestrian 
Was  Involved 
(Continued) 


09  Crossing  Medial  Strip  and 

Striking  Vehicle 

10  Crossing  Medial  Strip  and 

Being  Struck  by  Vehicle 

11  Striking  Vehicle  Which 

Crossed  Medial  Strip 

12  Being  Struck  by  Vehicle 

Which  Crossed  Medial 
Strip 

13  Collision  with  Animal  or  Bird 

14  Collision  with  Fixed  Object 

on  Roadway 

15  Collision  with  Fixed  Object 

on  Shoulder  or  Medial 
Strip 

16  Collision  with  Fixed  Object 

Along  Medial  Line  or 
Shoulder 

1 7 Collision  with  Other  Object 

( Rock,  etc.  ) 

18  Non-Collision,  Overturning 

on  Roadway  Medial  Strip 
Shoulders 

19  Non-Collision,  Running  Off 

Roadway  and  Overturning 

20  Running  Off  Roadway 

Striking  Fixed  Object 

21  Collision  with  Motor  Vehicle 

Followed  by  Fire 

22  Collision  with  Fixed  Object 

Along  Roadway  Followed 
by  Fire 

23  Non-Collision  Overturning 

Followed  by  Fire 

24  Running  Off  Roadway 

Striking  Fixed  Object,  Fire 

25  Fire  Only 

26  Other 

27  Running  Off  Roadway 

28  Crossing  Medial  Strip  and 

Running  Off  Roadway 

29  Sideswiping  by  Passing  Car 

30  Sideswiping  Passing  Car 
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SAMPLE  WORKSHEET 

ITEM 1 2 3 4 5 6 7 8 9 10  11  12  13  14-15  16  17  18  19  20  21 

GENERAL  0000  7 04  11  53  03  2 01  0 08  2 2 2704  00  00  2 1 1 02 

ITEM 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 

Vehicle  No.l  49  2 28  04  35  2 7 7 28  080  50  45  00  00  00  13  04  04  1 5 3 2 21  2 04 

Vehicle  No.2  46  4 36  01  26  2 6 7 36  025  45  45  50  00  00  27  1 8 04  1 5 2 1 27  2 03 

SAMPLE  BUSINESS  MACHINE  CARDS 

VEHICLE  NO.l 

IIIIoIoooooIogIIIIIoIIoooooIoIIIIoooIooooooIooooooooIoIoIooIIIIIIooIoIooooooooIo 

I 2 3 4 5 6 7 g 9 10  II  12  13  14  IS  16  17  16  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  36  39  40  41  42  43  44  45  46  47  46  49  50  SI  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  66  69  70  71  72  73  74  75  76  77  76  79  80 

nnin||ininnn|ininnnMiillnMiinninninniiiiiiinlnnilnn|iii 

2222222222222I222222222III2222222I222I22II22222I22I22222222222222222222222II2I22 

333333333333I33333333333333333333333333333333I33333333333333333333I333333I333333 

444444|444|44444444444444444|444444444|44444|444444444444|4444444444|4|44444444| 
555555555|555555555555555555555555555555555555|55555555|55|5555555555555|5555555 
66666666666666666666666666666666666666666666666666666666666666666666666666666666 
m iti  m n m m m m mti  m m n m m m mtlm  n m n m m m 1 m m m 1 

8888888888888888888838|8888888888888888888|88888888|8|88888888888888888888886888 

99999999999999999999999999939999989999919999999999999999999999999999999999999999 

I 2 3 4 5 6 7 6 9 10  II  12  13  M 15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  17  3.7  34  35  36  ?'  ■»«  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  W 65  66  67  P®  69  70  71  72  73  74  75  76  77  78  79  60 


VEHICLE  NO.2 

||||o|ooooo|oo|||||oBIooooq|o||||oooIoooooqIooooooooIoooooooIIII|ooooIoooooooo|o 

1 2 3 4 5 6 7 6 9 10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  » 

iiniii||Mninni|iiMnnnnn||nMnii|innininniiinnii|ntlii|inii 

2222222222222I222222222III2222222I222I2222222I2I22222I22222222222I2222222I2I2I22 

333333333333|3333333333333333333333333333l33333333l3333333333333333333333333333l 
444444|444|44444444444444444|444444444|4|44444444444444|4|444444444444|444444444 
555555555|55555555555555555555555555555555555555555555|5|5||555555555555|5555555 
6666666666666666666666666666ee666666666l66|6G6l6le6l666666e666666666666666666666 
1 mtm  m m n n ni  n mil  m m n m n m n m m m n n m tm  m m tm 
88888888888888888888881888888888888888888888888888888888888888888888188888888888 
99999999999999999999999999999999999999999999999999999999999999999999999999999999 

1 2 3 i 5 6 7 8 9 10  11  12  13  H 15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  ?’  ■'8  39  40  41  42  43  44  45  46  47  46  49  50  51  52  S3  54  55  56  57  58  59  60  61  62  63  64  65  66  6’  69  70  71  72  73  74  75  76  77  78  79  80 
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SAMPLE 

RADAR  SPEED  SURVEY 


SER.NO.  '‘*'7 

VISIBILITY 

Good  (Daylight) 

PASS.CARS- 

234 

DAY 

Tuesday 

WEATHER 

Clear-Wiody 

TRUCKS 

91 

DATE 

7/14/53 

ROAD  COND 

Clear-Dry 

RUSSES 

0 

TIME 

1630-1840 

ROAD  ELE._ 

0.5%  Down  St.  0.4  Mi. 

MISSES 

0 

TFST  TIMF  M's  lOMio. 

ppp  PI  p 1.4%  Down  St.  0.3  Mi. 

TOTAL 

325 

MILE  POST 
70NF 


275.7  W.B. 


VEH.PER  HR._ 


REMARKS: 


OBSERVER  E.O.G.-D.E.S. 


PASSENGER  CARS 


82 

80 

78 

76 

74 

72 

70 

68 

66 

64 

62 

60 

58 

56 

54 

52 

50 

48 

46 

44 

42 

40 

38 

36 

34 

32 

30 

28 

26 

24 

22 

20 

Na 


XXX 
X X X X X 

X X X X X 

X X X X X 


OF  VEHICLES  5 


10 


15 


20 


25 


30 


35 


40 


COMMERCIAL  VEHICLES 


80 
78 
76 
74 
72 
70 
68 
66 
64 
62 
60 
58 
56 
54 
52 
50 
48 
46 
44 
42 
40 
38 
36 
34 
32 
30 
28 
26 
24 
22 

NO.OF  VEHICLES  5 


T T T T T 
T T T T T 
T T T T 


T T 
T T 


10 


15 


20 


25 


30 


35 


40 
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Litho  in  U.S.A. 


.1 


j 


/s 


*h"" 


/ 


•«i 


> 


A 


A 


I 

i 

i 


( 


